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In t roduc t ion  
One g o a l  of h igh  f i d e l i t y  a i r c r a f t  s i m u l a t i o n  i s  t o  
p r e s e n t  t o  t h e  f l i g h t  crew a s i t u a t i o n  wi th  t a s k  r equ i r emen t s  
and senso ry  s t i m u l i  approximating t h o s e  found i n  f l i g h t .  I n  
o r d e r  t o  s i m u l a t e  t h e  motion of  the  r e a l  a i r c r a f t ,  
s o p h i s t i c a t e d  motion dev ices  a r e  o f t e n  employed i n  f l i g h t  
s i m u l a t o r s .  Despi te  t h e  c a r e f u l  development of  motion 
d e v i c e s  and motion washout techniques  wi th  r ega rd  t o  t h e  
s e n s i t i v i t y  of  the human o p e r a t o r ,  knowledge i s  l a c k i n g  
conce rn ing  the e f f e c t s  o f  p e r c e p t u a l  f i d e l i t y  on p i l o t  
performance (Huff & Nagel,  1975) .  
The e v a l u a t i o n  of s imula to r  motion w i t h  r ega rd  t o  
p i l o t i n g  t a s k s  has  y i e l d e d  equivoca l  r e s u l t s .  For example,  
Ringland and S t a p l e f o r d  (1971)  found t h a t  performance i n  a 
t r a c k i n g  t a s k  was f a c i l i t a t e d  wi th  t h e  i n t r o d u c t i o n  of  
a n g u l a r  motion c u e s ,  b u t  t h a t  adding  r o t a t i o n a l  and 
t r a n s l a t i o n a l  motion r e s u l t e d  i n  dec reased  opin ion  r a t i n g s  of  
the s i m u l a t o r .  Bray (1973)  suggested t h a t  s i m u l a t o r  motion 
cues  become impor t an t  when s imula t ing  a i r c r a f t  wi th  marg ina l  
l o n g i t u d i n a l  ( p i t c h )  hand l ing  q u a l i t i e s .  I t  has  a l s o  been 
demons t r a t ed  ( C l a r k ,  S t e w a r t ,  and P h i l l i p s ,  1980) t h a t  p i l o t s  
can  d e t e c t  maneuver o r  d i s t u r b a n c e  motion i n  t h e  p re sence  of  
f a i r l y  h i g h  l e v e l s  of v i b r a t o r y  motion, such a s  may be found 
i n  h e l i c o p t e r s  or i n  h e l i c o p t e r  s i m u l a t o r s .  
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Some reviews of  s i m u l a t o r  motion ( e . g . ,  Gibino,  1968) 
r e p o r t  c o n s i s t e n t  added r e a l i s m  of t h e  s i m u l a t i o n  when motion 
i s  p resen t .  S ta tements  a r e  found such a s  "expe r i enced  
p i l o t ' s  performance d e t e r i o r a t e s  immediately when c o c k p i t  
motion cues a r e  withdrawn, and does  no t  improve wi th  p r a c t i c e  
i n  s t a t i c  s i m u l a t i o n "  ( ~ u o c c o ,  V i t a l e ,  & B e n f a r i ,  19651, or 
" r e s u l t s  and p i l o t  op in ion  i n d i c a t e d  p r e f e r e n c e  f o r  dynamic 
c o c k p i t . "  "Cont ro l  c o r r e c t i o n s  i n  wrong d i r e c t i o n  were o f t e n  
made i n  s t a t i c  cockp i t ' '  (Brown, Johnson,  & Mungall, 1 9 6 0 ) .  
Other reviews of s i m u l a t o r  motion f i d e l i t y  (Huff & 
Nagel,  1975) s u g g e s t  t h a t  " t h e  main conc lus ion  one might draw 
from these  s t u d i e s  i s  t h a t  some motion may be  h e l p f u l  i n  
c e r t a i n  p i l o t i n g  s i t u a t i o n s " .  I n  a d d i t i o n ,  low f i d e l i t y  
motion s i m u l a t i o n  may l ead  t o  v e r t i g o ,  nausea ,  o r  o t h e r  
undes i r eab le  outcomes ( C l a r k  & S t e w a r t ,  1973) . 
Huff and Nagel ( 1 9 7 5 )  no te  t h a t  t h e r e  i s  ve ry  l i t t l e  
knowledge concern ing  t h e  i n t e r a c t i o n  of  motion and v i s i o n  
c u e s ,  and t h e i r  r e l a t e d  e f f e c t s  on p i l o t  i n fo rma t ion  
process ing .  They sugges ted  t h a t  t h e  p rope r  " a n a l y t i c  t o o l s ' '  
r equ i r ed  t o  e v a l u a t e  motion d r i v e  systems a r e  n o t  p r e s e n t l y  
a v a i l a b l e .  
Not addressed  i n  t h e  l i t e r a t u r e  i s  t h e  a s ses smen t  of t h e  
human o p e r a t o r  i n  t h e  motion system th rough  ocu lomet r i c  
measures,  and s p e c i f i c a l l y  th rough  a s ses smen t  of eye-scan 
behavior .  Before p roceed ing  wi th  t h e  development of  t h e  
p re sen t  exper imenta l  i n v e s t i g a t i o n s ,  a b r i e f  l o o k  a t  t h e  
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i n t e r c o n n e c t i o n  of t h e  v e s t i b u l a r  and o c u l a r  systems i s  i n  
o r d e r .  
Physio l o g i c a  1 a s p e c t s  of  eye-movement c o n t r o l  _____I--. -- 
As should  be appa ren t  from t h e  des ign  of  t h e  v e s t i b u l a r  
a p p a r a t u s ,  t h e  adequate  s t i m u l u s  i s  no t  a c o n s t a n t  r a t e  of  
motion b u t  change of r a t e  of motion (Geldard ,  1 9 7 2 ) .  The 
r e a d e r  i s  r e f e r r e d  t o  Geldard (1972)  o r  Ca rpen te r  (1977)  f o r  
d e t a i l s  of the  mechanics of the  v e s t i b u l a r  system, and t o  
Cohen (1981)  for r e c e n t  r e s e a r c h  on t h e  v e s t i b u l a r  system. 
The importance of v e s t i b u l a r  f a c t o r s  i n  eye movement is  
a p p a r e n t  when c o n s i d e r i n g  how a f ixed  lookpo in t  i s  main ta ined  
whi le  t h e  head is i n  motion. T h e  p rocess  has been l a b e l e d  
t h e  V e s t i b u l a r  Ocular  Ref lex  ( V O R )  and i n  g e n e r a l  a c t s  t o  
r o t a t e  t h e  eyes o p p o s i t e  i n  d i r e c t i o n  t o  head movements t o  
ma in ta in  a g iven  lookpo in t .  The phenomenon of c o u n t e r r o l l i n g  
eye movement was f i r s t  r epor t ed  by Hunter ( 1 7 8 6 ) .  T h e  
p r o c e s s  was i n i t i a l l y  though t  t o  be a s imple  r e f l e x  a r c  w i t h  
p o s s i b l y  a s  few a s  t h r e e  neurons s e r i a l l y  connec ted .  Loren te  
de N o  ( 1 9 3 3 )  was c r e d i t e d  wi th  t h i s  model of VOR o p e r a t i o n  
(Baker ,  Evinger ,  & McCrea, 1981), a model t h a t  h a s  wi ths tood  
t h e  t e s t  of  t i m e .  
Desp i t e  t h e  appa ren t  s i m p l i c i t y  w i t h  which t h e  VOR 
produces  compensatory eye movement fo l lowing  head r o t a t i o n ,  
knowledge i s  l a c k i n g  a s  t o  how t h e  VOR and r e l a t e d  n e u r a l  
pathways c o n t r o l  o t h e r  oculomotor subsystems such a s  
c o n t r o l l i n g  f u n c t i o n s  f o r  saccadic  and p u r s u i t  eye movement 
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and f i x a t i o n  p o s i t i o n  (Baker ,  e t .  a l . ,  1981). Cohen (1981) 
sugges t s  tha t  v e s t i b u l a r  n u c l e i  s e r v e  a s  a p r o c e s s i n g  s t a t i o n  
f o r  no t ion  i n f o r m a t i o n  from v a r i o u s  s e n s o r y  systems and may 
c o n t r o l  the  g e n e r a t i o n  o f  s l o w  and r a p i d  eye  movements. 
While a c o r t i c a l  r e c e i v i n g  area f o r  the  v e s t i b u l a r  s e n s e  
has not been i d e n t i f i e d ,  u n l i k e  the r e g i o n s  i d e n t i f i e d  for  
v i s i o n  o r  a u d i t i o n ,  p r o j e c t i o n s  f r o m  the nonaud i to ry  
l a b y r i n t h  t o  the c o r t e x  have  been found (Andersson & 
Gernandt,  1 9 5 4 ) .  F inding  r e l a t i v e l y  f e w  c o r t i c a l  
p r o j e c t i o n s ,  Andersson and Gernandt (1954)  sugges t ed  t h a t  
"the p a u c i t y  of co r t i ca l  p r o j e c t i o n s  s u g g e s t s  tha t  these 
behavioura l  consequences are  l a r g e l y  a t  the  unconscious 
r e f l e x  l e v e l . "  A t  the  v e s t i b u l a r  n u c l e i  of t he  b r a i n s t e m  are  
found many connec t ions  t o  a r e a s  impor t an t  t o  both p o s t u r a l  
c o n t r o l  and eye movement (Geldard ,  19721, l e n d i n g  s u p p o r t  t o  
the idea  t ha t  the  v e s t i b u l a r  n u c l e i  s e r v e  as a p r o c e s s i n g  
c e n t e r  f o r  motion i n f o r m a t i o n  f r o m  v a r i o u s  s e n s o r y  systems. 
T h i s  i s  of p a r t i c u l a r  importance i n  the a e r o n a u t i c a l  
environment where motian may be expe r i enced  th rough  f o r c e  
app l i ed  t o  the neck  o r  l i m b s  i n  a d d i t i o n  t o  t h e  v e s t i b u l a r  
appa ra tus .  
Measurement of eye  - movement 
In each  of the  three  expe r imen t s  reported here,  eye  
movement w a s  m e a s u r e d  u t i l i z i n g  the c o r n e a l  r e f l e c t i o n  
technique .  T h i s  t e c h n i q u e  a l l o w s  u n o b t r u s i v e  measurement o f  





approximate ly  one  c u b i c  foot of space. D e t a i l s  of the 
technology of the i n s t r u m e n t  may be found i n  Merchant and 
Morrisette (1974) .  S p e c i f i c a t i o n s  of the system used i n  the 
p r e s e n t  s t u d i e s ,  a NASA Langley Research Center  modi f ied  
Honeywell Mark 111, may be found i n  Spady (1978) .  A r ev iew 
o f  v a r i o u s  t e c h n i q u e s  of eye movement r e c o r d i n g ,  and typ ica l  
a p p l i c a t i o n s ,  may be found i n  Young and Sheena ( 1 9 7 5 ) .  
Analysis of eye movement d a t a  may be conducted i n  
v a r i o u s  ways, making i t  impera t ive  t h a t  t e r m s  a re  c a r e f u l l y  
d e f i n e d .  For the p r e s e n t  s tudy  ' ' d w e l l "  o r  "dwel l  t i m e "  i s  
d e f i n e d  as the t o t a l  t i m e  spen t  l ook ing  a t  a n  i n s t r u m e n t  
pr ior  t o  the eyes  moving on t o  a n o t h e r  i n s t rumen t .  
" F i x a t i o n "  o r  " f i x a t i o n  t i m e "  i s  d e f i n e d  as the  t i m e  the  eyes 
spend a t  a p a r t i c u l a r  place b e f o r e  moving on ( s a c c a d e )  t o  
a n o t h e r  f i x a t i o n  p o i n t .  Thus, m u l t i p l e  f i x a t i o n s  may occur  
w i t h i n  the  boundar i e s  o f  a s i n g l e  in s t rumen t .  I n  one s e n s e ,  
l o o k i n g  a t  f i x a t i o n  t i m e s  may be though t  o f  as ana logous  t o  
examining the  "sampling r a t e "  of the  human v i s u a l  system. 
Because there i s  always some error  i n  measuring eye 
l o o k p o i n t ,  a f i x a t i o n  w a s  def ined  ma themat i ca l ly  as a series 
o f  l o o k p o i n t s  hav ing  X and Y c o o r d i n a t e s  t h a t  d i d  n o t  exceed 
a selected boundary l i m i t  ( a  r a d i u s )  f r o m  the p r e c e d i n g  
c e n t r o i d  of X and Y c o o r d i n a t e s .  I n  a d d i t i o n ,  a s i n g l e  
l o o k p o i n t ,  and movement t o  a new p o s i t i o n  beyond the selected 
r a d i u s ,  c o u l d  n o t  c o n s t i t u t e  a f i x a t i o n .  A minimum of three 
l o o k p o i n t s  (93.75 msec for data sampled 32 t i m e s  per second: 
100 m s e c  f o r  30 samples per second)  w i t h i n  t he  selected 
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r a d i u s  w a s  r e q u i r e d  t o  c o n s t i t u t e  a f i x a t i o n .  The a lgor i thm 
for  computing f i x a t i o n s  based on t i m e  and l o o k p o i n t  geometry 
c o n s i d e r a t i o n s  w a s  deve loped  by H a r r i s  ( N A S A  Langley Research 
C e n t e r ) .  
Lookpoint da t a  w e r e  co l lec ted  a t  30, 32, and 40 samples 
per second i n  the expe r imen t s  t o  f o l l o w .  V a r i a t i o n s  i n  
sampling ra te  depended on  the sampling r a t e  of the d a t a  
a c q u i s i t i o n  computer u t i l i z e d .  On a g i v e n  da ta  c o l l e c t i o n  
cyc le ,  o r  c o u n t ,  three outcomes w e r e  possible:  (1) n o  t r a c k  - 
t he  oculometer  w a s  unab le  t o  de t e rmine  t h e  l o o k p o i n t ,  ( 2 )  
t r a n s i t i o n  - a s i n g l e  o r  ser ies  of c o o r d i n a t e s  n o t  p a r t  of o r  
forming a new f i x a t i o n  w e r e  c o n s i d e r e d  t r a n s i t i o n  c o u n t s ,  and 
( 3 )  f i x a t i o n  - l o o k p o i n t  c o o r d i n a t e s  w i t h i n  the  f i x a t i o n  
r a d i u s  of t he  c e n t r o i d  of p r i o r  l o o k p o i n t s .  Thus, a t y p i c a l  
sequence may be described as the fo l lowing :  a f i x a t i o n  a t  
p o i n t  A ,  fol lowed by s e v e r a l  t r a n s i t i o n  c o u n t s ,  t h e n  a 
f i x a t i o n  a t  p o i n t  B ,  and so on. Movement f r o m  f i x a t i o n  p o i n t  
t o  f i x a t i o n  p o i n t  c o u l d  o c c u r  e i t h e r  w i t h i n  the  b o u n d a r i e s  of 
a s i n g l e  i n s t r u m e n t  or from one i n s t r u m e n t  t o  a n o t h e r .  
O u t l i n e  of t he  p r e s e n t  research 
Because of the impor t ance  t h a t  the motion and eye-scan 
i n t e r a c t i o n  may p l ay  i n  p r o v i d i n g  high f i d e l i t y  f l i g h t  
s i m u l a t i o n ,  the  p r e s e n t  s t u d y  w a s  d e s i g n e d  t o  i n v e s t i g a t e  t he  
d i f f e r e n c e s  between a c t u a l  or s i m u l a t e d  motion and s i m u l a t i o n  
w i t h  no-mot i o n .  A Series of three e x p e r i m e n t s  w e r e  
conducted,  w i t h  the  second and t h i r d  e x p e r i m e n t s  b u i l d i n g  
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upon t h e  foundat ion  e s t a b l i s h e d  by t h e  p reced ing  s tudy .  Each 
of  these exper iments  s imula ted  a p o r t i o n  of  i n s t r u m e n t  
f l i g h t ,  as "ou t  t h e  window" v i s u a l  scenes  w e r e  n o t  p r e s e n t e d .  
The three exper iments  a r e  b r i e f l y  d e s c r i b e d  below. 
Experiment - 1. I n  o r d e r  t o  p r e s e n t  t o  t h e  f l i g h t  crew a 
s i m u l a t i o n  wi th  t a s k  requi rements  and senso ry  s t i m u l i  l i ke  
t h o s e  found i n  f l i g h t ,  t echniques  f o r  a s s e s s i n g  t h e  
d i f f e r e n c e s  between t h e  t w o  s i t u a t i o n s  a r e  necessa ry .  The 
i n i t i a l  experiment  involved  t h e  a p p l i c a t i o n  of  a new d a t a  
a n a l y s i s  a lgo r i thm t o  a set  of oculometer  d a t a .  The 
exper iment  pe rmi t t ed  e x p l o r a t i o n  of  t h e  d i f f e r e n c e s  between 
s i m u l a t o r  motion and no-motion th rough  a s e r i e s  of s imula ted  
Ins t rumen t  Landing System ( I L S )  approaches ,  h a l f  w i th  the 
motion base  on and h a l f  wi th  the base  o f f .  T h e  d a t a  ana lyzed  
were c o l l e c t e d  on the Piedmont A i r l i n e s  Boeing 737 
motion-base s i m u l a t o r ,  and were p a r t  of a l a r g e r  NASA Langley 
Research Center  s t u d y  (Spady, 1 9 7 8 ) .  P r i o r  ana lyses  of t h e  
e f f e c t s  of motion v e r s u s  no-motion had n o t  been conducted 
wi th  these d a t a .  O c u l o m e t r i c  measures s e n s i t i v e  t o  motion 
were found. T e s t s  of t h e  d a t a  a n a l y s i s  a l g o r i t h m ,  a n  
impor t an t  p a r t  of  Experiment 1, showed t h a t  d i f f e r e n c e s  
between motion and no-motion were no t  an a r t i f a c t  of  the 
a l g o r i t h m  employed. 
_c_ 
Experiment - 2 .  The second experiment  extended t h e  d a t a  
a n a l y s i s  t echn iques  employed i n  t h e  p rev ious  exper iment .  
S ince  it can be  argued t h a t  s imula ted  motion may no t  have t h e  
same senso ry  impact  on the  s u b j e c t  a s  a c t u a l  motion does ,  a 
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second set of data from a NASA Langley Research Center study, 
was explored. The set of data examined in Experiment 2 was 
unique in that half of the data were collected in flight, 
with the oculometer onboard the NASA Transport Systems 
Research Vehicle (TSRV), and half collected in the fixed-base 
TSRV simulator. A s  in the preceding study, prior analyses 
between motion (flight) and no-motion (simulator) had not 
been conducted on the data. The results of Experiment 2 
showed similar oculometric indices to be sensitive to motion 
and no-motion, particularly when the subject was viewing 
instrumentation supplying attitude and flight path 
information. These results suggested the need for a third 
experiment employing only that type of display. 
Experiment - 3 .  The preceding experiments left several 
questions unresolved. The initial question was whether 
fixation time distributions obtained from subjects tested on 
a controlled single instrument task would resemble the 
distributions obtained in the full simulation experiments. 
The second question concerned the nature of the information 
provided by motion. Does motion information provide a "cue" 
or ''clue" to direction of motion or just signal the onset of 
motion, regardless of direction. The third experiment was 
designed and conducted to address these questions as no 
existing set of data incorporated the desired experimental 
conditions. An additional outcome of Experiment 3 was the 
application of two-parameter mathematical curve-fitting to 
fixation time distributions. 
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ExDeriment 1: 
Motion v e r s u s  no-motion i n  a f l i g h t  s i m u l a t o r  - 
Experiment 1 pe rmi t t ed  explor ing  t h e  d i f f e r e n c e s  between 
s i m u l a t o r  motion and no-motion through a series of  I n s t r u m e n t  
Landing System ( ILS)  approaches,  h a l f  conducted wi th  t h e  
motion base  on and h a l f  wi th  the  motion base off. The d a t a  
ana lyzed  were c o l l e c t e d  on t h e  Piedmont A i r l i n e s  Boeing 737 
motion base  s i m u l a t o r ,  and were p a r t  of  a l a r g e r  NASA Langley 
Research Center  s tudy  ( s e e  Spady, 1 9 7 8 ) .  
The ILS approach i s  analogous t o  a h igh -o rde r  t r a c k i n g  
t a s k  w i t h  a i r c r a f t  d e v i a t i o n  f r o m  t h e  d e s i r e d  f l i g h t  p a t h  
r e p r e s e n t i n g  t r a c k i n g  e r r o r .  While ma in ta in ing  t h e  p rope r  
a t t i t u d e ,  a i r s p e e d ,  and a l t i t u d e ,  t h e  t a s k  i n v o l v e s  
m a i n t a i n i n g  t h e  a i r c r a f t  or s imula ted  a i r c r a f t  on t h e  d e s i r e d  
f l i g h t  p a t h  by u t i l i z i n g  i n d i c a t o r s  near  t h e  c e n t e r  of t h e  
F l i g h t  D i r e c t o r .  The pr imary  f l i g h t  i n s t r u m e n t s  f o r  t h e  
i n s t r u m e n t  p a n e l  employed i n  t h e  s t u d y  a r e  shown i n  F igu re  1. 
The f l i g h t  p a t h  d e v i a t i o n  i n d i c a t o r s  on t h e  F l i g h t  D i r e c t o r  
s h o w :  (1) Gl ides lope  d e v i a t i o n ,  shown i n  F igu re  1 a s  t h e  
h o r i z o n t a l  l i n e  or " b a r "  labeled "A" which i n d i c a t e s  whether  
t h e  a i r c r a f t  i s  above o r  below t h e  desired g l i d e s l o p e ,  and 
(2) L o c a l i z e r  d e v i a t i o n ,  shown by t h e  v e r t i c a l  l i n e  o r  b a r  
l a b e l e d  "B" i n  F igure  1, and i n d i c a t e s  whether t h e  a i r c r a f t  
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i s  t o  t h e  r i g h t  or l e f t  of  t h e  d e s i r e d  approach p o s i t i o n .  
I n d i c a t o r s  i n  t he  F l i g h t  D i r e c t o r  a r e  a r r anged  i n  a " f l y - t o "  
o r  " i n s i d e  o u t "  c o n f i g u r a t i o n ,  which means t h a t  t h e  a i r c r a f t  
p o s i t i o n  i n d i c a t e d  i n  F igure  1 i s  above and t o  the r i g h t  of 
t he  d e s i r e d  f l i g h t  p a t h .  To c o r r e c t  t h i s  d e v i a t i o n ,  the  
p i l o t  would " f l y - t o "  t h e  p o s i t i o n  i n d i c a t e d  by t h e  h o r i z o n t a l  
and v e r t i c a l  b a r s ,  by going  down and t o  t h e  l e f t .  I n  t h e  
absence o f  any d e v i a t i o n ,  t h e  b a r s  would be p o s i t i o n e d  a s  a 
' I+ ' '  a t  t h e  c e n t e r  of t h e  d i s p l a y .  
I n  a d d i t i o n  t o  eye -pos i t i on  on the  i n s t r u m e n t  p a n e l ,  
a c t i v i t y  of  the c o n t r o l s  used t o  ma in ta in  the a i r c r a f t  
p o s i t i o n  was also measured. Measurement of c o n t r o l  a c t i v i t y  
permi t ted  comparing c o n t r o l  a c t i v i t y  d i f f e r e n c e s  between t h e  
exper imenta l  c o n d i t i o n s  w i t h  t h e  d i f f e r e n c e s  i n  ocu lomet r i c  
i n d i c e s  between c o n d i t i o n s .  
Purpose of  t h e  exper iment  
Experiment 1 was des igned  w i t h  f o u r  emphases: 
- 1. The i n i t i a l  emphasis of the p r e s e n t  s t u d y  was t o  
eva lua te  t h e  e f f e c t  o f  s i m u l a t o r  motion on eye-scan b e h a v i o r .  
The d a t a  se t  inc luded  oculometer  monitored s imula t ed  ILS  
approaches b o t h  wi th  and wi thou t  t he  s i m u l a t o r  motion base  i n  
o p e r a t i o n .  
- 2 .  I n  o r d e r  t o  a s s e s s  eye-scan b e h a v i o r  a d e q u a t e l y ,  a 
method of de t e rmin ing  f i x a t i o n  p o i n t s  was employed t h a t  
permi t ted  assessment  of f i x a t i o n s  b o t h  w i t h i n  and between t h e  
boundar ies  of pane l  i n s t r u m e n t s .  Fu r the rmore ,  t h e  a l g o r i t h m  
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employed pe rmi t t ed  c l a s s i f i c a t i o n  of  a g iven  lookpo in t  as 
e i t h e r  p a r t  of  a f i x a t i o n  or a t r a n s i t i o n  between f i x a t i o n s  
( s a c c a d e )  based on t ime and lookpoin t  geometry 
c o n s i d e r a t i o n s .  
3 .  Method checks of  t he  eye-movement measurement - 
t echn ique  were employed t o  i n s u r e  t h a t  motion e f f e c t s  were 
not  the  by-product  of  t h e  measurement system o r  a l g o r i t h m  
employed. 
- 4 .  F i n a l l y ,  motion e f f e c t s  on p i l o t  c o n t r o l  a c t i v i t y  
were a s s e s s e d .  Of s p e c i f i c  i n t e r e s t  were c o n t r o l  a c t i v i t y  of 
t h e  s t i c k ,  wheel,  and t h r o t t l e .  
Methodology and Design --- 
S u b j e c t s .  The s e t  of d a t a  employed i n  t h e  p r e s e n t  
a n a l y s e s  were from f i v e  Piedmont A i r l i n e s  Boeing 737  p i l o t s .  
Each p i l o t  made i d e n t i c a l  s imula ted  I L S  approaches ,  h a l f  wi th  
t h e  s i m u l a t o r  motion base  on, and h a l f  wi th  t h e  motion base  
o f f .  
Des ign  and S t i m u l i .  - The p r o f i l e  of %he ILS approach i s  
shown i n  F igure  2 .  Cons tan ts  i n  t h e  s imula ted  a i r c r a f t  
i n c l u d e d :  (1) a i r c r a f t  weight  of 21000 N (94000 l b ) ;  ( 2 )  t h e  
v i s u a l  scene was s e t  f o r  ca tegory  I1 c o n d i t i o n s  ( 3 0  m 
c e i l i n g ,  365  m Runway V i s i b i l i t y  Range);  ( 3 )  wind c o n d i t i o n s  
w e r e  z e r o ,  and ( 4 )  no emergency c o n d i t i o n s  were imposed 
d u r i n g  t h e s e  expe r imen ta l  r u n s .  A d e t a i l e d  d e s c r i p t i o n  of  
bo th  the a i r l i n e  s i m u l a t i o n  and equipment and t h e  oculometer  
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system f o r  r e a l - t i m e  assessment  of eye p o s i t i o n  may be found 
i n  Spady ( 1 9 7 8 ) .  
I n  keeping w i t h  p r i o r  o c u l o n e t e r  r e s e a r c h  on s imula ted  
I L S  approaches,  t h e  f l i g h t  p r o f i l e  was d i v i d e d  i n t o  f o u r  
f l i g h t  segments ( F i g u r e  2 ) .  For t h e  p r e s e n t  s t u d y ,  d a t a  from 
e i g h t  approaches f o r  each of  f i v e  p i l o t s  were examined. T h i s  
meant t h a t  t h e r e  were f o u r  approaches ,  o r  r e p l i c a t i o n s ,  w i th  
t h e  motion base  on,  and f o u r  r e p l i c a t i o n s  wi th  the motion 
base  o f f .  A s  i l l u s t r a t e d  i n  F igure  3a,  t h i s  p rov ided  a 
ma t r ix  of d a t a  f o r  each p i l o t  t h a t  h e l d  a l l  v a r i a b l e s  
c o n s t a n t ,  except  wi th  r e s p e c t  t o  t h e  d e s i r e d  v a r i a b l e  (motion 
/ no-motion) .  
I n  o r d e r  t o  o b t a i n  t h e  d e s i r e d  number of motion and 
no-motion r u n s  f o r  a sample of  f i v e  p i l o t s ,  r u n s  f o r  p i l o t s  
number 4 and 5 w e r e  i n  a " N o  Turbulence" c o n d i t i o n  ( F i g u r e  
3 b ) .  P r i o r  r e s e a r c h  (Spady, 1978)  had demonst ra ted  o n l y  a 
s l i g h t  i n c r e a s e  i n  scan r a t e  f o r  t u r b u l e n c e  c o n d i t i o n s  and 
l i t t l e ,  i f  any, change i n  instrument-to-instrument t r a n s i t i o n  
p r o b a b i l i t i e s .  The re fo re ,  u t i l i z a t i o n  of d a t a  pooled a c r o s s  
t h e  tu rbu lence  dimension would not  be expec ted  t o  add undue 
v a r i a b i l i t y  t h u s  masking the e f f e c t  of t h e  f a c t o r s  of  
i n t e r e s t .  
The expe r imen ta l  des ign  p e r m i t s  an Ana lys i s  of  Var i ance  
(ANOVA) t e s t  of t h e  fo l lowing  e f f e c t s :  (1) motion / 
no-motion, ( 2 )  f l i g h t  segment,  ( 3 )  r e p l i c a t i o n ,  ( 4 )  motion by 
segment  i n t e r a c t i o n ,  ( 5 )  motion by r e p l i c a t i o n  i n t e r a c t i o n ,  
( 6 )  segment by r e p l i c a t i o n  i n t e r a c t i o n ,  and ( 7 )  motion by 
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segment by r e p l i c a t i o n  i n t e r a c t i o n .  There i s  no s imul t aneous  
t es t  of s u b j e c t  or s u b  j e c t - i n t e r a c t i o n  e f f e c t s  (Winer,  1971, 
pp. 496-499). 
C a l c u l a t i o n  of f i x a t i o n s  w a s  acco rd ing  t o  the a l g o r i t h m  
mentioned p r e v i o u s l y .  For t h e  a n a l y s e s  i n  Experiment 1, the 
r a d i u s ,  which approximate ly  cor responds  t o  a b s o l u t e  d i s t a n c e s  
a t  t he  p l a n e  of the ins t rumen t  p a n e l ,  w a s  1.27 c m  ( a  f i x a t i o n  
area of 5.07 c m  sq). U s e  of t h i s  r a d i u s  w a s  based  on 
research by H a r r i s  ( N o t e  1) .  S e v e r a l  other r a d i i  w e r e  
t e s t e d ,  b u t  1 .27 c m  w a s  s e l e c t e d  as the optimum v a l u e .  
Subsequent  a n a l y s e s  w e r e  conducted w i t h  a r a d i u s  of 1 .91  c m  
( a  f i x a t i o n  area o f  11.46 c m  sq) ,  as a measurement method 
check t o  i n s u r e  t ha t  any motion e f f e c t  w a s  n o t  a by-product  
of a n  o v e r l y  r e s t r i c t i v e  a lgor i thm.  These a n a l y s e s  are  
r e p o r t e d  i n  a l a t e r  s e c t i o n .  
G l o b a l  a n a l y s e s  of motion e f f e c t s  --
The fo l lowing  a n a l y s e s  were l a b e l e d  " g l o b a l "  as the 
dependent  measures w e r e  o b t a i n e d  across i n d i v i d u a l  
i n s t r u m e n t s .  Subsequent ana lyses  by  in s t rumen t  are p r e s e n t e d  
l a t e r .  
F i x a t i o n  t i m e  ( a l l  t racked  i n s t r u m e n t s ) .  Using the 
method of c a l c u l a t i n g  f i x a t i o n  p o i n t s  described p r e v i o u s l y ,  
f i x a t i o n  t i m e s  w e r e  c a l c u l a t e d  for  a l l  eye  f i x a t i o n  p o i n t s  
w i t h i n  the boundar i e s  of t h e  t racked  f l i g h t  i n s t r u m e n t s .  The 
mean f i x a t i o n  t i m e s  f o r  each  p i l o t  and f l i g h t  segment are  
p r e s e n t e d  i n  Table 1. A s i g n i f i c a n t  d i f f e r e n c e  ( F ( 1 , 4 )  = 
1 3  
9.09, p<.O5; Appendix A - 1 )  w a s  ob ta ined  f o r  the motion 
e f f e c t  . 
A s  shown i n  Table 1, t h e  mean f i x a t i o n  t i m e  f o r  t h e  
motion c o n d i t i o n  w a s  315 m s e c ,  w h i l e  f o r  no-motion it w a s  
s i g n i f i c a n t l y  longe r  a t  393 m s e c .  I t  shou ld  be p o i n t e d  o u t  
t h a t  t h e  d i r e c t i o n  o f  the e f f e c t  as i n d i c a t e d  by  t h e  mean 
f i x a t i o n  t i m e  holds f o r  each o f  t h e  f i v e  p i l o t s  and f o r  each 
of the four  f l i g h t  segments.  
F i x a t i o n  R a t e  ( a l l  t r a c k e d  i n s t r u m e n t s ) .  A s  would be 
expec ted  i n  l i g h t  of  a n  i n c r e a s e  i n  f i x a t i o n  t i m e  f o r  t h e  
no-motion c o n d i t i o n  w i t h  r e s p e c t  t o  t h e  motion c o n d i t i o n ,  t h e  
f i x a t i o n  r a t e  w a s  s i g n i f i c a n t l y  ( F ( 1 , 4 )  = 13.071,  p<.O5;  
Appendix A - 2 )  h i g h e r  under t h e  motion c o n d i t i o n ,  w i t h  
no-motion c h a r a c t e r i z e d  by fewer f i x a t i o n s  p e r  second.  A s  
w i t h  t h e  p r i o r  a n a l y s i s  t h e  d i r e c t i o n  o f  the d i f f e r e n c e s  
between means i n d i c a t e s  t h a t  t h i s  h o l d s  fo r  each  p i l o t  and 
each f l i g h t  segment. The means and s t a n d a r d  d e v i a t i o n s  f o r  
f i x a t i o n  r a t e  are p r e s e n t e d  i n  Table 2 .  
---- 
Saccade Length (all t r a c k e d  i n s t r u m e n t s ) .  Saccade 
l e n g t h  was computed by ave rag ing  b o t h  wi th in - ins t rumen t  and 
between-instrument saccades w i t h i n  the  e i g h t  t r a c k e d  
in s t rumen t s .  T h e  ANOVA r e v e a l e d  n o  s i g n i f i c a n t  d i f f e r e n c e  
due t o  m o t i o n .  A s i g n i f i c a n t  segment e f f e c t  w a s  no ted  
( F ( 3 , 1 2 )  = 13.542, p<.O1; Appendix A-3). Means f o r  saccade  
l e n g t h  a r e  p r e s e n t e d  i n  Table 3. Examinat ion o f  t h e  
d i f f e r e n c e s  between means f o r  t h e  f o u r  f l i g h t  segments 
i n d i c a t e s  t h a t  t h i s  segment e f f e c t  i s  p robab ly  due t o  t h e  
.- ----- 
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i nc reased  saccade  l e n g t h  d u r i n g  segment 1 ( s t r a i g h t  and l e v e l  
f l i g h t )  when the t a s k  was d i f f e r e n t .  T h i s  may r e f l e c t  t h a t  
t h e  command b a r s  i n  t h e  F l i g h t  D i r e c t o r  w e r e  n o t  of  
importance a t  t h a t  t ime,  lead ing  t o  longe r  ave rage  saccade  
l e n g t h  a s  t h e  p i l o t  made f e w  of t h e  s h o r t  saccades  found on 
t h e  F l i g h t  D i r e c t o r  du r ing  segments 2 ,  3 ,  and 4.  
Ana lys i s  of ILS approach e r r o r  -
I n  o r d e r  t o  examine t h e  e f f e c t  of  s imula ted  motion on 
t h e  maintenance of  a c c u r a t e  a i r c r a f t  p o s i t i o n  d u r i n g  
approach ,  Root Mean Square (RMS) e r r o r  was c a l c u l a t e d  f o r  t h e  
s i m u l a t o r  computed Gl ides lope  Error  and L o c a l i z e r  E r r o r .  
G l ides lope  E r r o r .  The g l i d e s l o p e  e r r o r ,  c a l c u l a t e d  a s  
RElS e r r o r ,  was measured over  each  f l i g h t  segment f o r  each 
r e p l i c a t i o n .  N o  s i g n i f i c a n t  motion e f f e c t  was found. A 
s i g n i f i c a n t  segment  e f f e c t  (F(3,12) = 257.005, pc.01; 
Appendix A-4) can  be a t t r i b u t e d  t o  segment 1, a s  shown by  t h e  
mean v a l u e s  i n  Table  4 .  I n  segment 1 t h e  f l i g h t  p a t h  was 
s t r a i g h t  and l e v e l  p r i o r  t o  g l i d e s l o p e  i n t e r c e p t ,  l ead ing  t o  
the normal s t a t e  of  h igh  g l i d e s l o p e  e r r o r .  
L o c a l i z e r  E r r o r .  Examination of  RMS e r r o r  on t h e  - 
l o c a l i z e r  r e v e a l e d  no s i g n i f i c a n t  e f f e c t s  due t o  any main or 
i n t e r a c t i v e  c o n d i t i o n s  (ANOVA i n  Appendix A - 5 ) .  Unl ike 
g l i d e s l o p e  e r r o r ,  l o c a l i z e r  e r r o r  remained w i t h i n  t y p i c a l  
l i m i t s  d u r i n g  f l i g h t  segment 1. Means and s t anda rd  
d e v i a t i o n s  f o r  l o c a l i z e r  e r r o r  a r e  p r e s e n t e d  i n  Table  5 .  
Analys i s  of con t ro l  a c t i v i t y  
The method of measurement o f  c o n t r o l  a c t i v i t y  selected 
w a s  based o n  a n  a l g o r i t h m  developed by Harr i s  (NASA LRC). 
Cont ro l  a c t i v i t y  w a s  r e p r e s e n t e d  as the p roduc t  of the 
fo l lowing  three f a c t o r s :  (1) t h e  sum o f  t he  a b s o l u t e  v a l u e  of 
c o n t r o l  p o s i t i o n  change, ( 2 )  t h e  s t anda rd  d e v i a t i o n  o f  the 
c o n t r o l  p o s i t i o n ,  and ( 3 )  s c a l i n g  f a c t o r s  t o  i n s u r e  
a d d i t i v i t y  o f  c o n t r o l  a c t i v i t y  ''work" measures fo r  d i f f e r e n t  
c o n t r o l s .  E s s e n t i a l l y ,  t h e  measure c l o s e l y  approximates  a 
m e a s u r e  of c o n t r o l  a c t i v i t y  "work", p rov id ing  a d e s c r i p t i o n  
o f  c o n t r o l  a c t i v i t y  p e r  u n i t  t i m e .  
E l eva to r  c o n t r o l  a c t i v i t y .  Using the method o f  
measurement o f  con t ro l  a c t i v i t y  d e s c r i b e d  above, an  ANOVA 
r e v e a l e d  a s i g n i f i c a n t  motion e f f e c t  ( F ( 1 , 4 )  = 7.774, p<.O5; 
Appendix A-6), w i t h  g r e a t e r  c o n t r o l  a c t i v i t y  no ted  for the 
-- 
no-motion c o n d i t i o n .  Examination o f  the means, shown i n  
Table 6 ,  across the motion dimension s h o w s  t h a t  the d i r e c t i o n  
o f  t h i s  d i f f e r e n c e  holds f o r  each p i l o t  and f o r  each f l i g h t  
segment. In  a d d i t i o n ,  a s i g n i f i c a n t  f l i g h t  segment e f f e c t  
( F ( 3 , 1 2 )  = 25.587, p c . 0 1 )  was noted .  T h e  mean v a l u e s  f o r  the 
f l i g h t  segments i n d i c a t e  a g e n e r a l l y  i n c r e a s i n g  amount of 
c o n t r o l  a c t i v i t y  i n  p rox imi ty  t o  t h e  runway t h r e s h o l d  ( n o t e  
t h e  d i f f e r e n c e s  between segment 1 and segment 4 ) .  
Wheel c o n t r o l  a c t i v i Q .  - N o  s i g n i f i c a n t  motion e f f e c t  
w a s  noted f o r  wheel c o n t r o l  a c t i v i t y .  There w a s  a 
s i g n i f i c a n t  segment e f f e c t  ( F ( 3 , 1 2 )  = 5.011,  p<.O5; Appendix 
-- 
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A-7), and l i k e  t h a t  of e l e v a t o r  c o n t r o l  a c t i v i t y ,  t h e  means 
i n d i c a t e  a g e n e r a l l y  i n c r e a s i n g  l e v e l  of w h e e l  c o n t r o l  
a c t i v i t y  i n  p r o x i m i t y  t o  the runway. Means and s t a n d a r d  
d e v i a t i o n s  for  wheel c o n t r o l  a c t i v i t y  are p r e s e n t e d  i n  Table 
7 .  A s i g n i f i c a n t  r e p l i c a t i o n  e f f e c t  (F(3,12) = 4.000, p<.O5) 
w a s  a l s o  found. T h e  means over the f o u r  r e p l i c a t i o n s  
i n d i c a t e  a s l i g h t  decrease i n  w h e e l  c o n t r o l  a c t i v i t y  o v e r  
r e p l i c a t i o n s ,  w i t h  t h e  g r e a t e s t  amount o f  c o n t r o l  a c t i v i t y  
found f o r  r e p l i c a t i o n  1. P r a c t i c e ,  l e a r n i n g ,  or f a t i g u e  
effects  are p l a u s i b l e  e x p l a n a t i o n s  of t h i s  f i n d i n g .  I t  
should  be no ted ,  however, tha t  a r e p l i c a t i o n  e f f e c t  w a s  n o t  
found f o r  e l e v a t o r  or t h r o t t l e  c o n t r o l  a c t i v i t y  m e a s u r e s .  
Throt t le  c o n t r o l  a c t i v i t y .  Thro t t l e  c o n t r o l  a c t i v i t y  
r e v e a l e d  no s i g n i f i c a n t  e f f e c t s  due t o  any main or  
i n t e r a c t i v e  c o n d i t i o n s  (ANOVA i n  Appendix A - 8 ) .  Mean v a l u e s  
for t h ro t t l e  a c t i v i t y  are shown i n  Table 8. 
Ana 1 y s  e s by i n s  t r ument -
T h e  a n a l y s e s  t o  follow examine s e v e r a l  eye-scan 
parameters f o r  each f l i g h t  ins t rument  hav ing  more t h a n  1 
p e r c e n t  of the t o t a l  p a n e l  f i x a t i o n  t i m e .  Summaries of the 
t o t a l  p e r c e n t a g e  of f i x a t i o n  t i m e  on each i n s t r u m e n t  and the 
p r o b a b i l i t i e s  of t r a n s i t i o n s  between i n s t r u m e n t s  appear  i n  
F i g u r e  4 .  The s k e w  of the f i x a t i o n  t i m e  d i s t r i b u t i o n s  f o r  
each of t h e s e  i n s t r u m e n t s  may be found i n  Appendix B. 
Fo r  the f o l l o w i n g  ana lyses ,  segment 1 w a s  omi t t ed  as 
t h a t  segment w a s  pr ior  t o  g l i d e s l o p e  i n t e r c e p t  and the 
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p i l o t i n g  t a s k  w a s  d i f f e r e n t  du r ing  t h a t  p o r t i o n  of t h e  
approach.  
F l i g h t  Director .  T h e  F l i g h t  Director  occupied 83 .1  
p e r c e n t  of t he  t o t a l  f i x a t i o n  t i m e  i n  the motion c o n d i t i o n  
and 83 .3  p e r c e n t  o f  the t o t a l  f i x a t i o n  t i m e  fo r  the  no-motion 
c o n d i t i o n .  Means and s t a n d a r d  d e v i a t i o n s  f o r  F l i g h t  Director  
f i x a t i o n  t i m e  a re  p r e s e n t e d  i n  Table 9 .  A s i g n i f i c a n t  
( F ( 1 , 4 )  = 7.354, pC.053; Appendix A - 9 )  d i f f e r e n c e  w a s  no ted  
due t o  t h e  motion e f f e c t  w i t h  a mean f i x a t i o n  t i m e  of 345 
m s e c  f o r  the motion c o n d i t i o n  and 445 m s e c  f o r  no-motion, 
Desp i t e  t he  l a r g e  d i f f e r e n c e  i n  mean f i x a t i o n  t i m e ,  the t o t a l  
t i m e  s p e n t  viewing the ins t rumen t  v a r i e d  l i t t l e  between the 
motion and no-motion c o n d i t i o n s .  Averaged across p i l o t s  and 
r e p l i c a t i o n s ,  t h e  t o t a l  f i x a t i o n  t i m e  f o r  a run  (segments  2 ,  
3 ,  and 4 c o n s t i t u t i n g  a r u n )  w a s  70.45 seconds f o r  the motion 
c o n d i t i o n  and 70.38 seconds  for  t h e  no-motion c o n d i t i o n .  
The re fo re ,  t he  longe r  f i x a t i o n  t i m e s  no ted  f o r  the no-motion 
c o n d i t i o n  are  n o t  t he  r e s u l t  of a n  o v e r a l l  i n c r e a s e  i n  
viewing t i m e ,  b u t  r e p r e s e n t  f e w e r ,  and l o n g e r  f i x a t i o n s ,  
r e l a t i v e  t o  those found w i t h  the  motion base on.  L i k e w i s e ,  
the  motion c o n d i t i o n  c a n  be c h a r a c t e r i z e d  as hav ing  a g r e a t e r  
number of  f i x a t i o n s ,  though of shorter mean d u r a t i o n  t h a n  
found i n  t h e  no-motion c o n d i t i o n .  
----- 
A s  shown i n  Table 9, the d i r e c t i o n  of t he  mean 
d i f f e r e n c e s  between motion and no-motion h o l d  f o r  each p i l o t  
and for each f l i g h t  segment. 
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A cumula t ive  p l o t  o f  t o t a l  t i m e  s p e n t  on the F l i g h t  
Director v e r s u s  f i x a t i o n  t ime a2pears i n  F i g u r e  5.  T h e  
cumula t ive  p lo t  i l l u s t r a t e s  that  w h i l e  t o t a l  f i x a t i o n  t i m e  on 
t h e  in s t rumen t  remained p r a c t i c a l l y  the s a m e  fo r  the motion 
and no-motion c o n d i t i o n s ,  the d i v i s i o n  of t h i s  t i m e  i n t o  
f i x a t i o n s  o f  d i f f e r e n t  l e n g t h  v a r i e d  across the motion 
c o n d i t i o n s .  T h e  v e r t i c a l  l i n e s  drawn f r o m  t he  motion and 
no-motion cu rves  cor respond t o  median f i x a t i o n  t i m e .  F i g u r e  
5 i s  based on the mean f i x a t i o n  t i m e s  f o r  a l l  f i v e  p i l o t s ,  
and f o r  f o u r  r e p l i c a t i o n s  for each p i l o t .  
A i r s p e e d  I n d i c a t o r .  T h e  A i r speed  I n d i c a t o r  occupied  7 .5  
p e r c e n t  o f  t he  t o t a l  f i x a t i o n  t i m e  i n  the  motion c o n d i t i o n  
and 9 . 1  p e r c e n t  f o r  the no-motion c o n d i t i o n .  An ANOVA 
r e v e a l e d  no  s i g n i f i c a n t  d i f f e r e n c e  i n  mean f i x a t i o n  t i m e  on 
t h i s  i n s t r u m e n t  by motion, segment, o r  other e f f e c t s  
(Appendix A - 1 0 ) .  Mean f i x a t i o n  t i m e s  f o r  the  airspeed 
i n d i c a t o r  are p r e s e n t e d  i n  Table 10.  
V e r t i c a l  Speed I n d i c a t o r  (VSI) .  The V S I  occupied  3 . 3  
p e r c e n t  of t he  t o t a l  f i x a t i o n  t i m e  i n  the  motion c o n d i t i o n  
and 2 . 8  p e r c e n t  f o r  the no-motion c o n d i t i o n .  The ANOVA 
showed no s i g n i f i c a n t  motion e f f e c t .  A s i g n i f i c a n t  segment 
e f f e c t  ( F ( 2 , 8 )  = 8.549,  p<.O5; Appendix A - 1 1 )  r e f l e c t s  a 
d i f f e r e n c e  i n  mean f i x a t i o n  t i m e  between segments 2 arid 3 ,  
w i t h  segment 2 hav ing  a shorter mean f i x a t i o n  t i m e ,  as shown 
i n  Table 11. 
B a r o m e t r i c  A l t i m e t e r .  T h e  Barometric A l t i m e t e r  occupied 




2 . 5  pe rcen t  of  the  f i x a t i o n  t i m e  fo r  t he  no-motion c o n d i t i o n .  
The ANOVA i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  f i x a t i o n  
t i m e  due t o  any main or i n t e r a c t i o n  e f f e c t s  (Appendix A - 1 2 ) .  
Means and s t a n d a r d  d e v i a t i o n s  a re  p r e s e n t e d  i n  Table 1 2 .  
While the number of f i x a t i o n s  on t h i s  in s t rumen t  a r e  
s m a l l  r e l a t i v e  t o  t h e  F l i g h t  Director,  the s k e w  of the 
f i x a t i o n  t i m e  d i s t r i b u t i o n  f o r  the B a r o m e t r i c  A l t i m e t e r  
(Appendix B )  i s  n e g a t i v e  f o r  both motion and no-motion 
c o n d i t i o n s  (-0.347 and -0.109, r e s p e c t i v e l y ) .  T h i s  f i n d i n g  
sugges t s  a d i s t r i b u t i o n  w i t h  a l a r g e r  number of  l o n g e r  
f i x a t i o n s  t h a n  shorter  ones ,  u n l i k e  those found f o r  m o s t  of 
t h e  other i n s t r u m e n t s .  T h i s  may be a f u n c t i o n  of the t y p e  o f  
a l t i m e t e r  employed. 
Hor i zon ta l  S i t u a t i o n  I n d i c a t o r  -- (HSI ) . F i x a t i o n s  on the 
HSI occupied l . S  p e r c e n t  o f  the t o t a l  f i x a t i o n  t i m e  f o r  the 
motion c o n d i t i o n  and 0 .9  p e r c e n t  of the  f i x a t i o n  t i m e  f o r  the  
no-motion c o n d i t i o n .  The  ANOVA r e v e a l e d  no s i g n i f i c a n t  
d i f f e r e n c e s  i n  f i x a t i o n  t i m e  due t o  any  main or i n t e r a c t i o n  
e f f e c t s  (Appendix A - 1 3 ) .  Table 1 3  p r e s e n t s  the means fo r  
f i x a t i o n  t i m e  on the HSI. 
When read ing  the  table  of means f o r  the HSI (Table 131, 
bear i n  mind t h a t  t he  number of f i x a t i o n s  per segment w a s  
q u i t e  s m a l l ,  r e s u l t i n g  i n  s o m e  cases i n  l a r g e  b u t  
non-signif i c a n t  d i f f e r e n c e s  between means. 
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Fixation-point-measurement method checks 
I n  order t o  ru le  o u t  the  poss ib i l i t y  t ha t  motion e f f ec t s  
on eye-scan behavior were due t o  a r t i f a c t s  of the measurement 
process, several  method checks were performed. These method 
checks a re  presented below. 
Percentage of oculometer t r ack  time. The f i r s t  method 
check consisted of an examination of the percentage of 
oculometer t r ack  time. If  present,  dif ferences i n  t r ack  time 
due t o  motion would suggest problems i n :  (1) maintenance of 
s t a b i l i t y  of the head posit ion of the subject ,  (2) problems 
i n  the  oculometer tracking system hardware induced by motion, 
o r  ( 3 )  a combination of the previous two. 
- 
Consistent w i t h  the treatment of data i n  the preceding 
analyses,  percentage of oculometer t r ack  time was calculated 
for  each segment of each repl icat ion for  each p i l o t .  The 
means and standard deviations a re  presented i n  Table 14. An 
M O V A  revealed no s ignif icant  difference i n  percentage of 
oculometer t rack  time due t o  motion (Appendix A - 1 4 ) .  A 
s ign i f i can t  motion by-replication in te rac t ion  was noted, b u t  
examination of these means indicated no systematic b ias  
favoring motion or no-motion (see Table 1 4 ) .  
Ratio of t r ans i t i on  times. A second method check 
involved examination of the time spent i n  t r a n s i t i o n  between 
f ixa t ions .  As noted previously, a f ixat ion was defined as a 
s e r i e s  of lookpoints having X and Y coordinates t h a t  d i d  not 
exceed a selected boundary l i m i t  ( a  radius)  from the 
2 1  
preceding  c e n t r o i d  of X and Y c o o r d i n a t e s .  T r a n s i t i o n s  
c o n s i s t e d  of those cases i n  w h i c h  a s i n g l e  or series of  
c o o r d i n a t e s  w e r e  found tha t  w e r e  n o t  pa r t  of the p reced ing  
f i x a t i o n  or forming a new f i x a t i o n .  Thus, there is  a n  
i n t e r a c t i o n  between f i x a t i o n  boundary r a d i u s  and p e r c e n t a g e  
of  t r a n s i t i o n  t i m e .  S e l e c t i o n  o f  a n  o v e r l y  l a r g e  boundary 
r a d i u s  would minimize t r a n s i t i o n  c o u n t s ,  as many t r a n s i t i o n s  
would be counted  as p a r t  o f  a f i x a t i o n .  S e l e c t i o n  of too  
s m a l l  a boundary r a d i u s  would r e s u l t  i n  an i n c r e a s e  i n  
t r a n s i t i o n  c o u n t s  as  even s m a l l  v a r i a t i o n s  i n  lookpo in t  would 
exceed the r a d i u s  ( a s  would be the case i f  t r a c k i n g  system 
error  exceeded the f i x a t i o n  r a d i u s ) .  
T o  i n s u r e  t h a t  any motion e f f e c t  w a s  n o t  a by-product of 
an o v e r l y  r e s t r i c t i v e  a l g o r i t h m ,  t r a n s i t i o n  t i m e s  f o r  each 
element  of t he  segment -by- rep l ica t ion  m a t r i x  w e r e  c a l c u l a t e d  
w i t h  t w o  r a d i i .  T h e  f i r s t  o f  these w a s  a r a d i u s  o f  1 .27 c m  
( a  f i x a t i o n  area o f  5.07 c m  sq), t he  r a d i u s  employed i n  t he  
a n a l y s e s  i n  t he  p reced ing  s e c t i o n s .  T h e  second r a d i u s  w a s  
1 .91  c m  ( a  f i x a t i o n  area of 11.46 c m  sq), an  approximate 
doubl ing  of f i x a t i o n  area.  
For the 1.27 c m  r a d i u s ,  the  p e r c e n t a g e  of t i m e  s p e n t  i n  
t r a n s i t i o n  was 16.7 p e r c e n t  f o r  the motion c o n d i t i o n  and 13 .9  
p e r c e n t  for  the no-motion c o n d i t i o n .  T h e  g r e a t e r  t i m e  s p e n t  
i n  t r a n s i t i o n  i n  the motion c o n d i t i o n  w a s  expec ted  i n  l i g h t  
of the inc reased  number of f i x a t i o n s  found i n  t h a t  c o n d i t i o n .  
T h e  d i f f e r e n c e  i n  p e r c e n t a g e  of t r a n s i t i o n  t i m e  is 
s i g n i f i c a n t  f o r  t h e  motion e f f e c t  ( ~ ( 1 , 4 )  = 30.380, p<.O5) .  
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Using the larger r a d i u s  (1.91 c m ) ,  p e r c e n t a g e  of 
t r a n s i t i o n  t i m e  w a s  approximate ly  h a l v e d ,  f a l l i n g  t o  8 . 3  
p e r c e n t  f o r  the m o t i o n  c o n d i t i o n  and 6.7 p e r c e n t  f o r  the  
no-motion c o n d i t i o n .  Again, the d i f f e r e n c e  found would be 
expec ted  and r e p r e s e n t s  a s i g n i f i c a n t  motion e f f e c t  ( F ( 1 , 4 )  = 
20.789, p < . O 5 ) .  
O f  g r e a t e s t  i n t e r e s t  i n  e s t a b l i s h i n g  conf idence  i n  the 
f i x a t i o n  measurement t echn ique  i s  t h a t  the r a t i o  of 
t r a n s i t i o n  t i m e s  f o r  t h e  two r a d i i  w a s  the  same f o r  the 
motion and no- motion c o n d i t i o n s .  A s  i l l u s t r a t e d  i n  Table 
15 ,  the r a t i o  o f  p e r c e n t a g e  of t r a n s i t i o n  t i m e  f o r  the  motion 
c o n d i t i o n s  d i f f e r  l i t t l e .  An ANOVA performed on these da ta  
r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  due t o  any main or 
i n t e r a c t i v e  e f fec ts  (Appendix A-15). I n  a d d i t i o n ,  the 
c o r r e l a t i o n  between pe rcen tage  of t r a n s i t i o n  t i m e  f o r  t he  t w o  
r a d i i  w a s  r = .938 (p<.OOl, N = 1 2 0 ) .  
E q u a l i t y  of the t r a n s i t i o n  p e r c e n t a g e  r a t io s  fo r  t h e  t w o  
r a d i i  i n d i c a t e s  t ha t  motion e f f e c t s  observed w i t h  t he  1 . 2 7  c m  
r a d i u s  are n o t  the r e s u l t  o f  an o v e r l y  r e s t r i c t i v e  a l g o r i t h m .  
F i x a t i o n  ra te  based on an  en la rged  r a d i u s .  A t h i r d  
method c h e c k  invo lved  computation o f  f i x a t i o n  r a t e  u s i n g  the 
e n l a r g e d  (1 .91  c m )  r a d i u s .  The means and s t a n d a r d  d e v i a t i o n s  
for f i x a t i o n  r a t e  ca lcu la ted  u s i n g  t h i s  r a d i u s  are p r e s e n t e d  
i n  Table 16. These v a l u e s  may be compared w i t h  those 
p r e s e n t e d  i n  Table 2 ,  where the 1.27 c m  r a d i u s  w a s  employed. 
As expec ted  the ANOVA r evea led  a s i g n i f i c a n t  motion e f f e c t  
( F ( 1 , 4 )  = 14.280, p<.O5; Appendix A-16), w i t h  s i g n i f i c a n t l y  
- - 
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fas te r  f i x a t i o n  ra tes  f o r  t h e  motion c o n d i t i o n  w i t h  r e s p e c t  
t o  the no-motion c o n d i t i o n .  
T h e  p reced ing  method checks make it a p p a r e n t  t h a t  any 
eye-scan motion e f f ec t s  observed are  n o t  l i k e l y  a n  a r t i f a c t  
of  the measurement sys tem or a l g o r i t h m  employed here.  
Summary: Experiment 1 -- - 
These a n a l y s e s  s u g g e s t  s e v e r a l  d i f f e r e n c e s  t h a t  o c c u r r e d  
d u r i n g  s imula ted  I L S  approaches w i t h  and w i t h o u t  s i m u l a t o r  
m o t  i on  : 
1. The mean f i x a t i o n  t i m e  f o r  the no-motion c o n d i t i o n  
w a s  s i g n i f i c a n t l y  longe r  t h a n  f o r  the motion c o n d i t i o n .  
L i k e w i s e ,  t h e  r e l a t e d  measure of f i x a t i o n  r a t e  showed a 
s i g n i f i c a n t l y  h i g h e r  f i x a t i o n  r a t e  f o r  t h e  motion c o n d i t i o n  
w i t h  r e s p e c t  t o  the no-motion c o n d i t i o n .  A check o f  
f i x a t i o n s  across the pr imary  f l i g h t  i n s t r u m e n t s  r e v e a l e d  t h a t  
the i n c r e a s e d  f i x a t i o n  t i m e  fo r  t h e  no-motion c o n d i t i o n  w a s  
found o n l y  f o r  t h e  F l i g h t  Di rec tor ,  where approx ima te ly  8 3  
p e r c e n t  of the t o t a l  f i x a t i o n  t i m e  w a s  s p e n t .  Despite the 
d i f f e r e n c e  i n  mean f i x a t i o n  t i m e ,  the  t o t a l  t i m e  s p e n t  
viewing t h e  in s t rumen t  d i d  n o t  v a r y  between motion and 
no-motion c o n d i t i o n s .  T h e r e f o r e ,  t h e  l o n g e r  f i x a t i o n  t i m e s  
noted f o r  t h e  no-motion c o n d i t i o n  a re  n o t  the  r e s u l t  of 
i n c r e a s e d  viewing t i m e ,  b u t  r e p r e s e n t  f e w e r ,  and l o n g e r  
f i x a t i o n s ,  r e l a t i v e  t o  those found w i t h  the motion base on .  
The motion c o n d i t i o n  w a s  c h a r a c t e r i z e d  by  a g r e a t e r  number of 
- 
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f i x a t i o n s ,  though of shorter mean d u r a t i o n  t h a n  found i n  the 
no-motion c o n d i t i o n .  
- 2 .  Method checks of t h e  f i x a t i o n - p o i n t - m e a s u r e m e n t  
t e c h n i q u e  w e r e  performed and i n d i c a t e  t ha t  the d i f f e r e n c e s  
found i n  eye-scan behav io r  were n o t  a r t i f a c t s  of the 
measurement system o r  a l g o r i t h m  employed. 
- 3 .  Measures o f  c o n t r o l  a c t i v i t y  r e v e a l e d  a s i g n i f i c a n t  
motion e f f e c t  for the e l e v a t o r  c o n t r o l  ( s t i c k )  w i t h  g r e a t e r  
c o n t r o l  a c t i v i t y  found f o r  t h e  no-motion c o n d i t i o n .  N o  
s i g n i f i c a n t  d i f f e r e n c e s  w e r e  n o t e d  f o r  wheel and t h r o t t l e  
c o n t r o l  a c t i v i t y  across the motion c o n d i t i o n s .  
4 .  Desp i t e  the d i f f e r e n c e s  no ted  above, measures of ILS  
approach  errar ( G l i d e s l o p e  RVS error: L o c a l i z e r  FWS e r ro r )  
showed no d i f f e r e n c e  b e t w e e n  motion c o n d i t i o n s .  L i k e w i s e ,  a 
subsequent  t e s t  o f  the v o l t a g e  l e v e l s  d r i v i n g  the  P i t c h  and 
Roll Command B a r s  showed no motion e f f e c t  as r e f l e c t e d  i n  
Command B a r  RMS e r r o r .  
- 
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Experiment 2 : 
Aircraft versus fixed-base simulation 
The second experiment permitted exploration of 
differences between motion and no-motion through oculometer 
data obtained in flight and in fixed-base simulation. The 
study also extended the use of the data analysis techniques 
employed in the initial experiment. The "ideal" study would 
include data from subjects tested in (a) flight, (b) motion 
base simulation, and (c) fixed base simulation. However, the 
simulator used for the present study did not incorporate a 
motion base, precluding such analyses. 
Purpose of the experiment 
The primary enphasis of Experiment 2 was to evaluate the 
effect of motion in flight and simulation settings, utilizing 
a unique data set in which the NASA Langley Research Center 
oculometer was mounted in the Transport Systems Research 
Vehicle (TSRV) for eye movement recording in-flight, and in 
the TSRV fixed-base simulator. The data set included 
oculometer monitored Microwave Landing System (MLS) curved 
descending approaches both in-flight and in the simulator. 
Methodology and Design -
Sub jec t s .  T h e  se t  of  d a t a  e v a l u a t e d  fo r  t he  p r e s e n t  
s t u d y  were col lected from three h i g h l y  expe r i enced  NASA 
p i l o t s .  Each p i l o t  made 20 MLS approaches i n  the a i r c r a f t  
and 20 s imula t ed  MLS approaches i n  the TSRV f ixed-base  
s imula to r .  
Design and S t i m u l i .  -_I_ T h e  NASA TSRV i s  a modi f ied  Boeing 
737, i n c o r p o r a t i n g  a second f u n c t i o n a l  cockpit w i t h  advanced 
and f u n c t i o n a l  d i s p l a y s .  T h e  o v e r a l l  d e s i g n  o f  the s t u d y  
d i v i d e d  the 2 0  f l i g h t  or s i m u l a t i o n  r u n s  i n t o  f a c t o r i a l  
combinat ions o f  the fo l lowing  expe r imen ta l  c o n d i t i o n s :  ( a )  
f i v e  l e v e l s  o f  t r a f f i c  (other  a i r c r a f t  i n  t he  v i c i n i t y )  w e r e  
d i sp l ayed  on the C o c k p i t  Disp lay  of T r a E f i c  In fo rma t ion  
( C D T I )  w h i c h  i s  one of t he  f u n c t i o n s  o f  t he  E l e c t r o n i c  
Hor i zon ta l  S i t u a t i o n  I n d i c a t o r  ( E H S I )  . T r a f f i c  w a s  o n l y  
p r e s e n t  i n  segment 2 o f  the 4 segment MLS approach.  ( b )  t w o  
l e v e l s  of c o n t r o l  mode: V e l o c i t y  C o n t r o l  Wheel S t e e r i n g  
(VCWS) approximating the manual c o n d i t i o n  i n  Experiment 1, 
and Automatic, w h i c h  i nc luded  a u t o - t h r o t t l e .  T h e  au tomat i c  
c o n t r o l  mode o n l y  occur red  d u r i n g  segments 1 and 2 of the 
curved approach. Segments 3 and 4 d i d  n o t  employ the above 
v a r i a b l e s  ( n o  t r a f f i c  and VCWS o n l y ) ,  and enab led  a s t u d y  o f  
t h e s e  segments w i t h  20 r e p l i c a t i o n s  f o r  each p i l o t  i n  f l i g h t  
and 2 0  r e p l i c a t i o n s  f o r  each  p i l o t  on t he  s i m u l a t o r .  I n  
a d d i t i o n ,  segments 3 and 4 w e r e  comparable i n  t i m e  l e n g t h  t o  
the f i n a l  th ree  segments o f  t he  s i m u l a t e d  ILS approaches 
examined i n  Experiment 1. Segments w e r e  d i f f e r e n t i a t e d  on 
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the basis o f  a l t i t u d e  (segment 1 th rough  3500 f t ;  segment 2, 
1000 f t :  segment 3 ,  500 f t ;  segment 4,  70 f t ) .  
Ins t ru tnen ta t ion  of t h e  advanced cockpit inc luded  the 
E l e c t r o n i c  A t t i t u d e  Di sp lay  Indica tor  ( E A D I ) ,  a CRT d i s p l a y  
of a t t i t u d e  i n f o r m a t i o n ,  and b e l o w  it a second CRT d i s p l a y ,  
the  E l e c t r o n i c  H o r i z o n t a l  S i t u a t i o n  I n d i c a t o r  (EHSI) which 
w a s  the m a p  and t r a f f i c  d i s p l a y .  The  E A D I  w a s  l o c a t e d  i n  the 
p o s i t i o n  o f  the F l i g h t  D i r e c t o r  i n  the c o n v e n t i o n a l  737 
cockpit. T h e  E A D I  d i s p l a y  measured 1 7 . 1  c m  w i d e  by 13 .3  c m  
h i g h ,  s o m e w h a t  l a r g e r  t h a n  the  c o n v e n t i o n a l  F l i g h t  Director .  
The EHSI w a s  l o c a t e d  b e l o w  t he  EADI and measured 1 3 . 3  c m  wide 
by 17 .1  c m  h i g h .  T h e  m a j o r i t y  of in s t rumen t  f i x a t i o n s  w e r e  
on these t w o  d i s p l a y s .  Convent ional  e l e c t r o m e c h a n i c a l  
d i s p l a y s  w e r e  l o c a t e d  a d j a c e n t  t o  the CRT d i s p l a y s .  
T h e  d a t a  sampling r a t e  w a s  d i f f e r e n t  f o r  f l i g h t  and 
s i m u l a t i o n  due t o  d i f f e r e n t  d a t a  a c q u i s i t i o n  computers used 
i n  each  s e t t i n g .  For  f l i g h t  the da ta  sampling r a t e  w a s  40 
samples p e r  second,  and f o r  the s i m u l a t o r ,  32 samples p e r  
second.  T h e  f l i g h t  da ta  were a d j u s t e d  t o  32 samples p e r  
second p r i o r  t o  s t a t i s t i c a l  a n a l y s i s  and f i x a t i o n  t i m e  
p l o t t i n g .  A s  no ted  p rev ious ly ,  a f i x a t i o n  w a s  d e f i n e d  
ma themat i ca l ly  as a series of l o o k p o i n t s  having  X and Y 
c o o r d i n a t e s  t h a t  d i d  n o t  exceed a s e l e c t e d  boundary l i m i t ,  or  
r a d i u s ,  from the  p reced ing  c e n t r o i d  o f  X and Y c o o r d i n a t e s .  
The r a d i u s  used i n  Experiment 2 w a s  1.27 c m ,  the same r a d i u s  
t h a t  w a s  employed i n  Experiment 1. Con t ro l  a c t i v i t y  d a t a  
w e r e  n o t  a v a i l a b l e  f o r  Experiment 2 .  
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G l o b a l  measures o f  motion e f f e c t s  - -_1--- 
As i n  the p reced ing  s t u d y ,  the fo l lowing  a n a l y s e s  w e r e  
conducted a c r o s s  a l l  t r a c k e d  i n s t r u m e n t s  and are t h e r e f o r e  
r e f e r r e d  t o  as " g l o b a l " .  Analyses by pr imary  i n s t r u m e n t s  are 
p resen ted  l a t e r .  
F i x a t i o n  t i m e  ( a l l  t r a c k e d  i n s t r u m e n t s ) .  Using the 
method o f  c a l c u l a t i n g  f i x a t i o n  p o i n t s  t h a t  w a s  d e s c r i b e d  
---___ 
p r e v i o u s l y ,  f i x a t i o n  t i m e  w a s  c a l c u l a t e d  f o r  any eye f i x a t i o n  
p o i n t  w i th in  t h e  boundar i e s  o f  t h e  n i n e  t r a c k e d  i n s t r u m e n t s  
across a l l  fou r  f l i g h t  segments.  A s i g n i f i c a n t  d i f f e r e n c e  
w a s  noted b e t w e e n  f l i g h t  and s i m u l a t i o n  ( F ( 1 , 2 )  = 35.160, 
p<.O5; Appendix C - 1 ) ;  shorter mean f i x a t i o n  t i m e s  occu r red  i n  
f l i g h t .  
As shown i n  Table  1 7 ,  the mean f i x a t i o n  t i m e  f o r  f l i g h t  
w a s  319 msec, and f o r  t h e  s i m u l a t o r  450 msec. The d i r e c t i o n  
o f  t h e  d i f f e r e n c e  between f l i g h t  and s i m u l a t i o n  i s  ma in ta ined  
for each of t h e  three p i l o t s  and f o r  each of t h e  approach  
segments. Large v a r i a t i o n s  i n  f i x a t i o n  t i m e  a re  noted  
b e t w e e n  p i l o t s .  
F i x a t i o n  r a t e  ( a l l  t r a c k e d  i n s t r u m e n t s ) .  T h e  r e l a t e d  
m e a s u r e  o f  f i x a t i o n  ra te  a l so  i n d i c a t e d  a s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  f l i g h t  and s i m u l a t i o n  ( F ( 1 , 2 ) =  19.514, 
p<.O5; Appendix C - 2 1 ,  w i t h  a g r e a t e r  number of f i x a t i o n s  per 
second o c c u r r i n g  i n  f l i g h t .  The f i n d i n g  o f  a g r e a t e r  number 
of f i x a t i o n s  p e r  second for  t h e  f l i g h t  s e t t i n g  is p r e s e n t  f o r  
each of t he  three p i l o t s  and f o r  each of the approach  
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segments.  Means and s t a n d a r d  d e v i a t i o n s  f o r  f i x a t i o n  r a t e  
are p r e s e n t e d  i n  Table 18. 
Analyses  by ins t rumen t  -- 
E l e c t r o n i c  A t t i t u d e  Display I n d i c a t o r  ( E A D I ) .  As shown -- -. 
i n  Table 19, mean f i x a t i o n  t i m e  on the E A D I  (Segments 3 and 
4 ) ,  w h i l e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  between f l i g h t  and 
s i m u l a t i o n  ( F ( 1 , 2 ) =  14.03, p>.O5; Appendix C-31, does  re f lec t  
the  t r e n d  o f  shorter  f i x a t i o n  t i m e s  i n  f l i g h t .  T h e  
cumula t ive  p l o t  o f  t o t a l  t ime on t h e  E A D I  v e r s u s  h o w  t h a t  
t i m e  w a s  accumulated a r e  p r e s e n t e d  f o r  each o f  the three 
p i l o t s  i n  the experiment  i n  F i g u r e s  6 ,  7 ,  and 8 .  The 
cumula t ive  p l o t s  i l l u s t r a t e  t he  d i f f e r e n c e  between f l i g h t  and 
s i m u l a t o r  i n  t e r m s  o f  cumulat ive f i x a t i o n  f requency .  
Large  i n d i v i d u a l  d i f f e r e n c e s  are  noted  i n  t he  cumula t ive  
f i x a t i o n  f requency  p l o t s .  For example, examinat ion o f  the 
cumula t ive  f i x a t i o n  f requency  d i s t r i b u t i o n s  shows t h a t  median 
f i x a t i o n  t i m e  (shown by the v e r t i c a l  l i n e s )  v a r i e d  
c o n s i d e r a b l y  between s u b j e c t s .  Noting t h i s  v a r i a b i l i t y  
between s u b j e c t s ,  the  n o n - s i g n i f i c a n t  F - r a t i o  f o r  EADI mean 
f i x a t i o n  t i m e  i s  unders tandable ,  desp i t e  d i f f e r e n c e s  between 
f l i g h t  and s i m u l a t i o n  shown c l e a r l y  on the  f i x a t i o n  f requency  
p l o t s .  
F i g u r e s  6 ,  7 ,  and 8 ,  from the p r e s e n t  experiment  can be 
c o n t r a s t e d  w i t h  F i g u r e  5 from Experiment 1. I n  each case, 
the  no-motion d i s t r i b u t i o n  i s  c h a r a c t e r i z e d  by  an i n c r e a s e d  
number of l o n g e r  f i x a t i o n s .  
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Examination o f  p e r c e n t a g e  of t r a c k  t i m e  on the E A D I  
showed no s i g n i f i c a n t  d i f f e r e n c e  between f l i g h t  and 
s i m u l a t i o n  ( F ( 1 , 2 ) =  .444, p>.O5; Appendix C-4) a n  expec ted  
f i n d i n g  i f  the  oculometer  w a s  r e c o r d i n g  p r o p e r l y .  A s  shown 
i n  Table 2 0 ,  the  pe rcen tage  of t r a c k  t i m e  i n c r e a s e d  i n  
proximi ty  t o  the runway t h r e s h o l d .  T h i s  w a s  a l so  r e f l e c t e d  
i n  a s i g n i f i c a n t  segment e f f e c t  for  EADI t r a c k  t i m e  ( F ( 3 , 6 )  = 
39.742, p c . 0 1 ) .  
E l e c t r o n i c  H o r i z o n t a l  S i t u a t i o n  I n d i c a t o r  --- ( E H S I ) .  A s  
would be expec ted ,  an  i n c r e a s e  i n  E A D I  t r a c k  t i m e  must 
represent  a decrease i n  looks elsewhere. Table 2 1  p r e s e n t s  
the percentage  of t r a c k  t i m e  f o r  the EIISI  or Mult i -Funct ion 
Disp lay  ( M F D ) .  There w a s  n o t  a s i g n i f i c a n t  d i f f e r e n c e  
between f l i g h t  and s i m u l a t i o n  f o r  this i n s t r u m e n t  ( F ( 1 , 2 )  = 
1.993,  p>.O5; Appendix C - 5 ) .  T h e  d e c r e a s e  i n  t r a c k  
pe rcen tage  by segment f o r  the  E H S I  w a s  s i g n i f i c a n t  ( F ( 3 , 6 )  = 
32.153, p< .O5) ,  as would be expec ted ,  as t h e  f l i g h t  path 
in fo rma t ion  o f  the E A D I  becomes of g r e a t e r  impor tance  n e a r  
the  runway t h r e s h o l d .  
- -___------ 
Analyses o f  t h e  f i x a t i o n s  on the e l e c t r o m e c h a n i c a l  
d i s p l a y s ,  l o c a t e d  a d j a c e n t  t o  the CRT d i s p l a y s ,  w e r e  n o t  
conducted d u e  t o  i n f r e q u e n t  f i x a t i o n s  on those i n s t r u m e n t s .  
I t  should be noted t h a t  much of the  i n f o r m a t i o n  s u p p l i e d  b y  
the e l ec t romechan ica l  d i s p l a y s  w a s  d u p l i c a t e d  i n  the CRT 
d i s p l a y s ,  therefore ,  i n f r e q u e n t  f i x a t i o n s  on those 
ins t rumen t s  would be expec ted .  
Summary: Experiment -- 2 
Experiment 2 permitted a n  e v a l u a t i o n  of motion e f f e c t s  
i n  f l i g h t  and s i m u l a t i o n  s e t t i n g s  th rough  oculometer  
monitored MLS curved descending approaches both i n - f l i g h t  and 
i n  f i x e d  base s i m u l a t i o n .  Analyses o f  the  f l i g h t  and 
s i m u l a t i o n  data  sets sugges t  t h e  fo l lowing :  
1. Across a l l  monitored in s t rumen t s ,  the  mean f i x a t i o n  
t i m e  f o r  f l i g h t  w a s  s i g n i f i c a n t l y  shorter t h a n  f o r  the f i x e d  
base s i m u l a t i o n .  This f i n d i n g  i s  s i m i l a r  and i n  the s a m e  
d i r e c t i o n  as t h a t  found i n  Experiment 1, where the  mean 
f i x a t i o n  t i m e  f o r  s i m u l a t i o n  w i t h  motion w a s  s i g n i f i c a n t l y  
shorter t h a n  f o r  the cor responding  no-motion c o n d i t i o n .  
Analyses  i n  Experiment 2 w e r e  p r i m a r i l y  focused on the 
E l e c t r o n i c  A t t i t u d e  Disp lay  I n d i c a t o r  ( E A D I ) ,  a CRT d i s p l a y  
of a t t i t u d e  i n f o r m a t i o n .  Due t o  a l a r g e r  se t  of expe r imen ta l  
c o n d i t i o n s  i n v o l v i n g  the E l e c t r o n i c  H o r i z o n t a l  S i t u a t i o n  
I n d i c a t o r  ( E H S I )  d u r i n g  f l i g h t  segments 1 and 2 ,  the E A D I  w a s  
examined o n l y  for f l i g h t  segments 3 and 4.  P l o t s  o f  
cumula t ive  f i x a t i o n  frequency fo r  each of the  three t e s t  
s u b j e c t s  ( F i g u r e s  6 ,  7 ,  and 8 )  r evea led  d i f f e r e n c e s  between 
f l i g h t  and s i m u l a t i o n  f i x a t i o n  d i s t r i b u t i o n s  t h a t  w e r e  
s i m i l a r  f o r  each of the t e s t  subjects  and a l so  s i m i l a r  t o  the  
d i s t r i b u t i o n  o b t a i n e d  i n  Experiment 1 ( F i g u r e  5 ) .  
- 
2 .  Large i n d i v i d u a l  d i f f e r e n c e s  are  noted  i n  the 
cumula t ive  f i x a t i o n  frequency p lo ts .  Examination of the 
cumula t ive  f i x a t i o n  f requency  d i s t r i b u t i o n s  ( F i g u r e s  6 ,  7 ,  
and 8 )  shows t h a t  median f i x a t i o n  t i m e  v a r i e d  c o n s i d e r a b l y  
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b e t w e e n  t e s t  s u b j e c t s .  T h e  v a r i a b i l i t y  found l e n d s  s u p p o r t  
t o  the  u s e  of  t e c h n i q u e s  t o  d e s c r i b e  such d i s t r i b u t i o n s  other 
t h a n  through mean v a l u e s ,  e s p e c i a l l y  when s m a l l  sample s i z e s  
must be employed. T h e  b e n e f i t s  of u s i n g  one such  s t r a t e g y ,  
mathematical  cu rve  f i t t i n g ,  a p p l i e d  t o  such d i s t r i b u t i o n s  
w i l l  be exp lo red  i n  a l a t e r  s e c t i o n .  
Experiment 3 :  
S i n g l e - a x i s  p a r t - t a s k  motion e f f e c t s  ----- 
B o t h  o f  the  p reced ing  exper iments  showed d i f f e r e n c e s  i n  
f i x a t i o n  t i m e  and ra te  between motion and no-notion 
c o n d i t i o n s .  I n  each case, t he  d i f f e r e n c e s  appea red  l a r g e s t  
on  the  i n s t r u m e n t  supp ly ing  a t t i t u d e  and f l i g h t - p a t h  
i n f o r m a t i o n .  These w e r e  t h e  F l i g h t  Director i n  Experiment 1 
and the  EADI i n  Experiment 2 .  The p r e s e n t  exper iment  w a s  
d e s i g n e d  t o  e x p l o r e  motion e f f e c t s  t h rough  a c o n t r o l l e d  
s i n g l e  in s t rumen t  t a s k  w i t h  motion i n  a s i n g l e  dimension 
( p i t c h ) .  I n  a d d i t i o n ,  the  q u e s t i o n  o f  whether d i r e c t i o n a l  
i n f o r m a t i o n  can  be a s c e r t a i n e d  f r o m  motion c o u l d  be assessed 
by i n c o r p o r a t i n g  three motion c o n d i t i o n s .  These were ( a )  
no-motion, ( b )  correct  motion,  and ( c )  r e v e r s e  motion.  
Purpose  o f  the  exper iment  --- 
Experiment 3 w a s  des igned  t o  answer three q u e s t i o n s :  
- 1. Would f i x a t i o n  t i m e  d i s t r i b u t i o n s  o b t a i n e d  from 
s u b j e c t s  t e s t e d  on a c o n t r o l l e d  s i n g l e  i n s t r u m e n t  t a s k  w i t h  
motion i n  a s i n g l e  a x i s  ( p i t c h )  resemble those found i n  the 
p r e c e d i n g  f u l l  s i m u l a t i o n  a n d  s i m u l a t i o n - f l i g h t  exper iments?  
- 2 .  Would d i r e c t i o n  of motion make any d i f f e r e n c e  t o  the 
s u b j e c t  i n  t e r m s  o f  f i x a t i o n  t i m e ,  c o n t r o l  a c t i v i t y ,  or 
35 
l a t e n c y  of c o n t r o l  a c t i v i t y ?  Three t y p e s  of motion w e r e  
p re sen ted .  These w e r e  ( a )  no-motion, ( b )  correct motion,  and 
( c )  r e v e r s e  motion. U t i l i z i n g  correct and r e v e r s e  motion 
c o n d i t i o n s  p e r m i t s  e x p l o r i n g  t h e  q u e s t i o n  of whether motion 
in fo rma t ion  p rov ides  a ' 'cue" o r  " c l u e "  as t o  d i r e c t i o n  o f  
motion o r  j u s t  t h a t  "something happened",  l e a d i n g  t o  v i s u a l  
s e a r c h  (new f i x a t i o n s )  t o  f i n d  o u t  what change had t a k e n  
place.  T h i s  q u e s t i o n  remained unanswered by Experiments  1 
and 2 as motion w a s  always of  the correct  or expec ted  
d i r e c t i o n  i n  those s t u d i e s .  
- 3. Would a p p l i c a t i o n  of two-parameter mathematical 
cu rve  f i t t i n g  be advantageous i n  t e r m s  o f  ( a )  d e s c r i b i n g  
f i x a t i o n  t i m e  d i s t r i b u t i o n s ,  and ( b )  s i g n i f i c a n c e  t e s t i n g  
between f i x a t i o n  t i m e  d i s t r i b u t i o n s ,  e s p e c i a l l y  when s m a l l  
sample s i z e s  are u t i l i z e d ?  
Methodology and Design -
S u b j e c t s .  Ten s u b j e c t s  w e r e  employed i n  the  s t u d y .  O f  
the  10 s u b j e c t s ,  7 w e r e  l i c e n s e d  p i l o t s  ( 6  Genera l  Av ia t ion  
and 1 Tes t  P i l o t ) ,  and 3 w e r e  non-p i lo t s  w i t h  no f l i g h t  
t r a i n i n g .  Each of the p i l o t s  w a s  r e q u i r e d  t o  have a minimum 
of 100 hours  of f l i g h t  t i m e .  The minimum f l i g h t  t i m e  
requirement  was imposed so tha t  the t e s t  s u b j e c t s  would have 
a l r e a d y  developed a s e t  of e x p e c t a n c i e s  conce rn ing  the  
t y p i c a l  motion r e a c t i o n  t o  t h e i r  movements of t h e  c o n t r o l  
column. 
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S t i m u l i .  The t e s t  s i t e  was the Visual Motion Simulator 
(VMS)  a s i x  deyree-of-freedom motion base simulator located 
a t  the  NASA Langley Research Center. The visual  s t i m u l i  
presented t o  the subjects was on a ''heads-up" type display 
which contained v e r t i c a l  and horizontal l i n e s  analogous t o  
the command bars  found on the electromechanical Flight 
Director (described i n  Experiment 1) .  Upon presentation of a 
t e s t  t r i a l  a second horizontal  l i ne ,  o r  cursor ,  moved up o r  
down r e l a t i v e  t o  the fixed horizontal l i n e ,  representing 
displacement of the "horizon" with simulated a i r c r a f t  
movement. The t a s k  fo r  the subject was t o  move the control 
column i n  the  appropriate manner t o  correct  the cursor or  
''horizon" def lect ion.  O n  t r i a l s  when motion was present,  
simultaneous with movement of the cursor o r  horizon, 
simulator motion began. The task was s imilar  t o  monitoring 
the Glideslope Deviation Command Bar (such a s  on the 
Electromechanical Fl ight  Director) during an ILS approach 
with periodic ( 1 5  t o  2 5  seconds apa r t )  gust  disturbances. 
Simulator response charac te r i s t ics  and control  forces 
approximated those found i n  Boeing 7 3 7  type a i r c r a f t .  The 
electromechanical displays on the  simulator instrument panel 
were not i n  operation d u r i n g  the experiment. 
--- 
Des ign  and Procedure. Upon reporting t o  the t e s t  s i t e ,  
each subject  was verbally briefed on the task ,  and was shown 
the  v isua l  scene. ( I n  accordance w i t h  simulator sa fe ty  
requirements and t o  insure understanding of t h e  task ,  a 
s e r i e s  of  no-motion prac t ice  t r i a l s  were conducted fo r  the 
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t h r e e  non-p i lo t  s u b j e c t s . )  A f t e r  e n t e r i n g  t h e  VMS c o c k p i t ,  
f a s t e n i n g  t h e  s a f e t y  h a r n e s s ,  and r e c e i v i n g  s a f e t y  
i n s t r u c t i o n s  from t h e  VMS s t a f f ,  oculorneter c a l i b r a t i o n  
began. Upon comple t ion  of oculorneter c a l i b r a t i o n ,  a s e t  of 
45 t r i a l s  was begun. Data were recorded f o r  a t o t a l  of 45 
t r i a l s  per  s u b j e c t ,  t h e s e  c o n s i s t i n g  o f  a randomized 
p r e s e n t a t i o n  of the three motion c o n d i t i o n s  (no-motion; 
c o r r e c t  motion; r e v e r s e  motion) such t h a t  t h e r e  were a t o t a l  
of 1 5  r e p l i c a t i o n s  of each c o n d i t i o n .  Each t r i a l  averaged  20 
seconds i n  l e n g t h .  Tes t  s e s s i o n s  averaged 45 minutes  i n  
l e n g t h  f o r  each s u b j e c t .  T h e  d a t a  sampling r a t e  f o r  
Experiment 3 was 30 s a n p l e s  per  second f o r  eye p o s i t i o n ,  and 
a l s o  30 samples pe r  second f o r  c o n t r o l  column p o s i t i o n .  
Although each t r i a l  averaged 20 seconds i n  l e n g t h  
( r a n g e :  15 t o  25  s e c o n d s ) ,  s u b j e c t s  g e n e r a l l y  completed the 
t a s k  and motion was concluded ( s low washout) by t l ie 8-second 
p o i n t .  The re fo re ,  a n a l y s e s  of eye f i x a t i o n  p o i n t  and c o n t r o l  
column p o s i t i o n  were conducted over  t h e  8-second i n t e r v a l .  
The remaining t i m e  ( i n t e r t r i a l  i n t e r v a l )  a f t e r  t h e  8-second 
p o i n t  was u t i l i z e d  t o  r e s e t  t h e  p o s i t i o n  of  t h e  motion base  
and c o n t r o l  column i n  p r e p a r a t i o n  f o r  t l ie  nex t  t r i a l .  To t h e  
s u b j e c t  t h i s  i n t e r v a l  was analogous t o  calm a i r  between 
p e r i o d i c  g u s t  d i s t u r b a n c e s .  
Analyses were conducted on f o u r  dependent  measures:  ( a )  
f i x a t i o n  t i m e ,  (b) new f i x a t i o n  l a t e n c y ,  ( c )  i n i t i a l  c o n t r o l  
movement l a t e n c y ,  and ( d )  t h r e e  measures  of  c o n t r o l  a c t i v i t y .  
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I n  a d d i t i o n ,  a n a l y s e s  w e r e  conducted on the f i x a t i o n  t i m e  
d i s t r i b u t i o n s .  
_y-- Anal ses of motion e f f e c t s  
F i x a t i o n  t i m e .  F i x a t i o n  t i m e  w a s  c a l c u l a t e d  u s i n g  the  
method d e s c r i b e d  p r e v i o u s l y ,  w i t h  one e x c e p t i o n .  Due t o  
c o n s i d e r a t i o n s  of execu t ion  speed o f  the l o o k p o i n t  d a t a  
c o l l e c t i o n  computer program, the boundary l i m i t  f o r  d e f i n i n g  
a f i x a t i o n  w a s  changed from a "c i rc le"  t o  a ' ' square"  of 
comparable area.  Thus, a f i x a t i o n  w a s  d e f i n e d  ma themat i ca l ly  
as a series of l o o k p o i n t s  having X and Y c o o r d i n a t e s  t h a t  d i d  
n o t  Exceed the selected boundary l i m i t  ( f a l l  o u t s i d e  of the 
s q u a r e ) ,  based  on the preceding  c e n t r o i d  of X and Y 
c o o r d i n a t e s .  
- 
Analys i s  o f  v a r i a n c e  of  mean f i x a t i o n  t i m e  f o r  the 7 
p i l o t s  showed a s i g n i f i c a n t  d i f f e r e n c e  between expe r imen ta l  
c o n d i t i o n s  ( F ( 2 , 1 2 )  = 12.294, p < . O l ;  Appendix D - 1 1 ,  w i t h  the 
no-not ion c o n d i t i o n  hav ing  s i g n i f i c a n t l y  l o n g e r  f i x a t i o n  
t i m e s  t h a n  both correct  or r e v e r s e  motion. T h e  t w o  motion 
c o n d i t i o n s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y .  Separate a n a l y s i s  
of t h e  3 n o n - p i l o t s  i n d i c a t e d  s i m i l a r  r e s u l t s ,  w i t h  
s i g n i f i c a n t l y  longe r  f i x a t i o n s  for  the no-motion c o n d i t i o n ,  
w i t h  respect  t o  both correct and r e v e r s e  motion ( F ( 2 , 4 )  = 
7.791, p<.O5; Appendix D - 2 ) .  T a b l e  22  p r e s e n t s  the  mean 
f i x a t i o n  t i m e s  f o r  a l l  s u b j e c t s ,  the  p i l o t  and non-p i lo t  
g r o u p s ,  and f o r  each s u b j e c t .  
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F i x a t i o n  t i m e  h i s tog rams  w i l l  be p r e s e n t e d  l a t e r ,  i n  the 
s e c t i o n  on mathematical cu rve  f i t t i n g .  
N e w  f i x a t i o n  l a t e n c y .  N e w  f i x a t i o n  l a t e n c y  w a s  
c a l c u l a t e d  as the elapsed t i m e  f r o m  the beg inn ing  o f  the 
t r i a l  ( o n s e t  of c u r s o r  or "hor i zon"  movement) t o  the  f i r s t  
change i n  f i x a t i o n  p o s i t i o n  t o  a p o s i t i o n  c o n s t i t u t i n g  a new 
f i x a t i o n .  This measure w a s  of i n t e r e s t  i n  a s s e s s i n g  whether 
motion would a c t  t o  decrease f i x a t i o n  l a t e n c y ,  as the s u b j e c t  
h y p o t h e t i c a l l y  may change f i x a t i o n  p o s i t i o n  t o  f i n d  the 
source  of t h e  v e s t i b u l a r  s t i m u l a t i o n .  Ana lys i s  of v a r i a n c e  
i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e  due t o  the motion 
c o n d i t i o n s  ( F ( 2 , 1 2 )  = 2.332, p>.O5; Appendix D-3). Mean 
v a l u e s  f o r  n e w  f i x a t i o n  l a t e n c y  are  p r e s e n t e d  i n  Table 23. 
I n i t i a l  c o n t r o l  movement l a t e n c y .  I n i t i a l  c o n t r o l  
movement l a t e n c y  w a s  d e f i n e d  as re sponse  t i m e  from t r i a l  
o n s e t  t o  i n i t i a l  movement o f  the c o n t r o l  column. A n a l y s i s  of 
v a r i a n c e  performed on t h i s  d a t a  s e t  r e v e a l e d  no s i g n i f i c a n t  
d i f f e r e n c e  due t o  the  motion c o n d i t i o n s  ( F ( 2 , 1 2 )  = 2.036, 
p>.O5; Appendix D-4). Mean v a l u e s  f o r  i n i t i a l  c o n t r o l  
movement l a t e n c y  are p r e s e n t e d  i n  Table 24. 
C o n t r o l  a c t i v i t y .  C o n t r o l  a c t i v i t y  w a s  measured i n  
three d i f f e r e n t  ways. T h e  f i r s t  measure w a s  based on the 
d a t a  a c q u i s i t i o n  a l g o r i t h m .  Much l ike  d e t e r m i n a t i o n  of a 
f i x a t i o n ,  c o n t r o l  a c t i v i t y  " p l a t e a u s "  or the t i m e  a t  a 
p a r t i c u l a r  c o n t r o l  p o s i t i o n  w e r e  c a l c u l a t e d  when c o n t r o l  
p o s i t i o n  d i d  n o t  change m o r e  t h a n  a selected d i s t a n c e  or 
boundary f r o m  the ave rage  o f  the p l a t e a u  p o s i t i o n  f o r  
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succeeding  1 / 3 0  of a second i n t e r v a l s .  The f i r s t  measure of 
c o n t r o l  a c t i v i t y  was s imply  a coun t  o f  the  number of 
p l a t e a u s ,  ana logous  t o  count ing  f i x a t i o n  p o i n t s .  A n a l y s i s  of 
v a r i a n c e  on t h i s  measure o f  c o n t r o l  a c t i v i t y  showed no 
s i g n i f i c a n t  d i f f e r e n c e  due t o  the motion c o n d i t i o n s  ( F ( 2 , 1 2 )  
= 1.273,  p>.O5; Appendix D-5). 
T h e  second measure o f  c o n t r o l  a c t i v i t y  measured the 
ave rage  t i m e  l e n g t h  of the p l a t e a u s  on a p a r t i c u l a r  t r i a l .  
This  measure i s  analogous t o  f i x a t i o n  t i m e .  No s i g n i f i c a n t  
d i f f e r e n c e s  w e r e  no ted  i n  the t i m e  measure w i t h  respect  t o  
the motion c o n d i t i o n s  ( F ( 2 , 1 2 )  = 1.871,  p>.O5; Appendix D-6). 
T h e  t h i r d  measure of  c o n t r o l  a c t i v i t y  w a s  a r a t e  measure 
c a l c u l a t e d  as c o n t r o l  a c t i v i t y  per second. A s  w i t h  the 
p r e c e d i n g  measures ,  no s i g n i f i c a n t  d i f f e r e n c e s  w e r e  no ted  
( F ( 2 , 1 2 )  = 1.866, p>.O5; Appendix D-7). 
Mathematical c u r v e  f i t t i n g  
T h e  a p p l i c a t i o n  of mathematical  cu rve  f i t t i n g  t o  
f i x a t i o n  t i m e  d i s t r i b u t i o n s  provides  a convenient  m e t r i c  for 
both ( a )  d e s c r i b i n g  such d i s t r i b u t i o n s ,  and ( b )  s i g n i f i c a n c e  
t e s t i n g  of d i s t r i b u t i o n s  when sample s i z e s  are s m a l l .  A l s o  
of i n t e r e s t  i s  the  g e n e r a l  shape o f  such d i s t r i b u t i o n s .  
Harr i s  (NASA LRC) s u g g e s t s ,  with the s u p p o r t  o f  s e v e r a l  da ta  
sets ,  t h a t  there a re  s e v e r a l  dwe l l  t i m e  d i s t r i b u t i o n s  and 
t h a t  these d i s t r i b u t i o n s  are dependent on the  i n f o r m a t i o n a l  
needs  of the p i l o t .  For example, when the p i l o t  i s  making a 
c o n t r o l  movement the  d i s t r i b u t i o n  may be c h a r a c t e r i z e d  by 
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much longer fixations than would be found while not 
controlling. If the oculometric data are divided into 
distributions of controlling versus non-controlling 
(monitoring) these distributions can be distinguished. 
Other factors, less easily identified than controlling 
versus non-controlling, may also exercise an influence on 
these distributions. Naturally, a best-fit curve could be 
found for each of these distributions, or a combination of 
them, if they were not separated by some other factor. The 
design of the present experiment attempted to reduce the 
problem of multiple distributions by focusing analyses only 
on that portion of the trial during which controlling 
occurred. 
Transformation and choice of describing function. In 
selecting a describing function the goal was to choose one 
that would be conceptually meaningful, while accurately 
describing the data set. Two functions, each with two 
parameters, were selected for testing. These included: (a) 
the Gamma density function, and (b) the Normal distribution 
density function. 
The skewed nature of fixation distributions made 
selecting a transformation a necessity. Hayes (19701, in 
discussing the selection of transformations states: "It is 
impossible to give any rules concerning this operation, 
though of course it is a vitally important step ..." After 
testing several candidate transformations, a single trans- 
formation was selected that provided the proper scaling for 
bo th  the G a m m a  and Normal f u n c t i o n s .  T h e  t r a n s f o r m a t i o n  w a s  
x = (10) l o g ( b a s e  1 0 )  ( x )  T 
where x i s  t h e  f i x a t i o n  l eng th  i n  1/15 second inc remen t s .  
The fo l lowing  e q u a t i o n  i s  f o r  t h e  Gamma d e n s i t y  f u n c t i o n  
f (x*; a I B 1 
where xT i s  t h e  t r ans fo rmed  f i x a t i o n  t i m e ,  and a and B a r e  
t h e  two pa rame te r s  o f  t h e  f u n c t i o n .  .The e q u a t i o n  f o r  t h e  
N o r m a l  d e n s i t y  f u n c t i o n  w a s  
where xT i s  the t r ans fo rmed  f i x a t i o n  t i m e ,  and p and a' a r e  
t h e  f a m i l i a r  pa rame te r s  of mean and v a r i a n c e ,  r e s p e c t i v e l y .  
T e s t i n g  t h e  cu rve  f i t .  Curves g e n e r a t e d  by the above 
e q u a t i o n s  w e r e  t e s t e d  a g a i n s t  t h e  d i s t r i b u t i o n s  o b t a i n e d  from 
both the  7 p i l o t s  and the 3 non-p i lo t s  u s ing  an i t e r a t i v e  
computer program t h a t  s e l e c t e d  a least  s q u a r e s  s o l u t i o n  f o r  
each  of t h e  expe r imen ta l  c o n d i t i o n s  ( c o r r e c t  mot ion ,  
no-motion, r e v e r s e  m o t i o n ) .  
The Kolmogorov-Smirnov S t a t i s t i c  ( X o e l ,  1971) was 
employed t o  t e s t  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  of  the f i t  of  
t he  ma themat i ca l  f u n c t i o n s  with t he  o b t a i n e d  d a t a ,  and t o  
t e s t  d i f f e r e n c e s  between expe r imen ta l  c o n d i t i o n s .  The 
Kolmogorov-Smirnov t e s t  i n d i c a t e d  t h a t  b o t h  t h e  Gamma and 
Normal f u n c t i o n s  cou ld  f i t  the  d a t a  w i t h  t h e  f i t t e d  
d i s t r i b u t i o n s  n o t  s i g n i f i c a n t l y  d i f f e r i n g  from t h e  o b t a i n e d  
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data .  Because of the ease o f  i n t e r p r e t a t i o n  o f  the normal 
f u n c t i o n  pa rame te r s ,  c o n t r a s t e d  w i t h  those of the G a m m a  
f u n c t i o n ,  the  a n a l y s e s  p r e s e n t e d  here w e r e  conducted u s i n g  
o n l y  the  normal f u n c t i o n .  Values f o r  the normal f u n c t i o n  
parameters  (mean and v a r i a n c e )  are  p r e s e n t e d  i n  Table 25 fo r  
the group of 7 p i l o t s  and i n  Table 26 f o r  the 3 non-p i lo t s .  
The cumula t ive  f i x a t i o n  t i m e  p l o t s ,  based on the 
exper imenta l  d a t a ,  f o r  each o f  the three expe r imen ta l  
c o n d i t i o n s  a r e  p r e s e n t e d  i n  F igu re  9 .  F i g u r e  10  p r e s e n t s  the 
cumulat ive f i x a t i o n  t i m e  p lo t s  based on the  normal f u n c t i o n  
bes t - f i t  c u r v e s .  A comparison o f  F i g u r e s  9 and 10 
demonst ra tes  the c l o s e n e s s  o f  the b e s t - f i t  d i s t r i b u t i o n s  t o  
the d i s t r i b u t i o n s  o f  the a c t u a l  d a t a .  
The f i x a t i o n  t i m e  d i s t r i b u t i o n s  are s i m i l a r  t o  those 
found i n  Experiments 1 and 2 .  The s i m i l a r i t i e s  i n  f i x a t i o n  
t i m e  d i s t r i b u t i o n s  can  be appreciated by c o n t r a s t i n g  F i g u r e s  
9 and 1 0  f r o m  the p r e s e n t  experiment  w i t h  F igu re  5 from 
Experiment 1, and F i g u r e s  6 ,  7, and 8 f r o m  Experiment 2 .  
Tables 25 and 26 p r e s e n t  the r e s u l t s  of the 
Kolmogorov-Smirnov t e s t s  fo r  the g roup  o f  7 p i l o t s  and the 
group of 3 n o n - p i l o t s ,  r e s p e c t i v e l y .  For both groups  of 
s u b j e c t s ,  the  tes ts  between expe r imen ta l  c o n d i t i o n s  s h o w  t h a t  
the  d i s t r i b u t i o n  o f  the no-motion c o n d i t i o n  d i f f e r s  
s i g n i f i c a n t l y  from the  d i s t r i b u t i o n s  o f  the  t w o  motion 
c o n d i t i o n s  (cor rec t  and r e v e r s e  m o t i o n ) ,  w h i l e  the  
d i s t r i b u t i o n s  of t h e  t w o  motion c o n d i t i o n s  do n o t  d i f f e r  
s i g n i f i c a n t l y  . 
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P i l o t  v e r s u s  Non-pilot  g roups .  I f  the leas t  s q u a r e s  
pa rame te r s  used i n  f i t t i n g  t h e  7 p i l o t s  are appl ied t o  the 
d i s t r i b u t i o n  o f  the 3 non-pi lo ts ,  a s t a t i s t i c a l l y  acceptable 
f i t  is  s t i l l  o b t a i n e d  (correct motion D(n) = .064, no-motion 
D(n) = .114, r e v e r s e  motion D(n) = . 1 3 2 ;  none exceed D(n)  
c r i t i c a l  v a l u e  of .179). This f i n d i n g ,  coupled  w i t h  the 
s i m i l a r i t i e s  of the p r e s e n t  p a r t - t a s k  r e s u l t s  t o  those of the  
f u l l  s i m u l a t i o n  s c e n a r i o s  of Experiments 1 and 2 ,  s u p p o r t s  
the independence of f i x a t i o n  t i m e  or r a t e  measures f r o m  
t r a i n i n g  and f l i g h t  exper ience .  T h e  independence of the 
motion / eye-scan i n t e r a c t i o n  f r o m  consc ious  c o n t r o l  i s  an 
expec ted  f i n d i n g  i n  l i g h t  of the  r e l a t i v e l y  few co r t i ca l  
p r o j e c t i o n s  stemming f r o m  t h e  v e s t i b u l a r  area (Andersson & 
Gernandt ,  1 9 5 4 ) .  D i f f e rences  between the motion and 
no-motion c o n d i t i o n s  are  much greater t h a n  the d i f f e r e n c e s  
between the p i l o t  and non-pi lot  g roups .  
T h i s  does n o t  imply t h a t  o v e r a l l  v i s u a l  search s t r a t e g y  
would be the s a m e  f r o m  the p i l o t  and non-p i lo t  groups i f  the  
t a s k  w a s  d i f f e r e n t  ( such  as i n  a f u l l  s i m u l a t i o n  t a s k ) .  The  
p r e s e n t  experiment  u t i l i z e d  a par t - task w i t h  o n l y  one  
i n s t r u m e n t  t o  s c a n ,  which m e a n t  t h a t  s u b j e c t s  w e r e  r es t r ic ted  
i n  their  v i s u a l  search and also w e r e  restricted i n  the i r  
c o n t r o l  r e sponse .  O t h e r  s t u d i e s ,  employing a l a r g e r  number 
of a c t i v e  i n s t r u m e n t s ,  have demonstrated t h a t  novice  s u b j e c t s  
may even  a d o p t  an  i n c o r r e c t  pr imary  in s t rumen t  ( T o l e ,  
S t ephens ,  H a r r i s ,  & Ephrath,  1982). 
45 
Summary: Experiment 3 -------- 
Experiment 3 explored  motion e f f e c t s  th rough a s i n g l e  
ins t rument  t a s k  i n  which t h r e e  t y p e s  o f  motion cou ld  be 
p r e s e n t .  These were ( a )  no-motion, ( b )  c o r r e c t  motion,  and 
( c )  r e v e r s e  motion. Analyses of t h e  d a t a  from t h e  experiment  
sugges t  t h e  fo l lowing:  
- 1. Mean f i x a t i o n  t imes  f o r  t h e  no-motion c o n d i t i o n  were 
s i g n i f i c a n t l y  longe r  than  f o r  bo th  of  t h e  motion c o n d i t i o n s ,  
whi le  the t w o  motion c o n d i t i o n s  d i d  not  d i f f e r  s i g n i f i c a n t l y .  
These r e s u l t s  a r e  l i k e  t h o s e  of  t h e  p reced ing  exper iments  
w i t h  regard  t o  t h e  d i f f e r e n c e s  between motion and no-motion 
c o n d i t i o n s ,  except  h e r e  they  a r e  demonst ra ted  wi th  a 
p a r t - t a s k  a n d  s i n g l e - a x i s  motion ( p i t c h ) .  
Also of importance i s  t h e  n o n - s i g n i f i c a n t  d i f f e r e n c e  
between c o r r e c t  and r e v e r s e  motion f o r  each of t h e  dependent  
measures i n  t h e  s t u d y .  T h i s  s u g g e s t s  t h a t  motion may p rov ide  
a "cue"  o r  " c l u e "  t h a t  "something happened" b u t  does  n o t  
s u p p o r t  the h y p o t h e s i s  t h a t  d i r e c t i o n  of  motion i s  o b t a i n e d  
th rough  motion in fo rma t ion .  T h i s  i s  suppor t ed  by s e l f - r e p o r t  
f r o m  t h e  t es t  s u b j e c t s .  E igh t  of t he  10 s u b j e c t s  r e p o r t e d  
t h a t  they cou ld  n o t  t e l l  whether motion was c o r r e c t  o r  
r eve r sed  on a p a r t i c u l a r  t r i a l .  
The f i x a t i o n  t ime d i s t r i b u t i o n s  o b t a i n e d  i n  t h e  p r e s e n t  
experiment were found t o  be much l i k e  t h o s e  o b t a i n e d  i n  
Experiments 1 and 2 .  The d i f f e r e n c e s  between t h e  no-motion 
d i s t r i b u t i o n  and t h e  d i s t r i b u t i o n s  f o r  the two motion 
cond i t ions  a r e  s i m i l a r  i n  magnitude and d i r e c t i o n  t o  the 
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d i f f e r e n c e s  observed  between motion and no-motion i n  
Experiments 1 and 2 .  
2 .  9 measure of new f i x a t i o n  l a t e n c y ,  or the e l a p s e d  
t i m e  f r o m  the beg inn ing  of a t r i a l  t o  the f i r s t  change i n  
f i x a t i o n  p o s i t i o n ,  showed no s i g n i f i c a n t  d i f f e r e n c e s  across 
the expe r imen ta l  c o n d i t i o n s .  T h i s  i s  an impor t an t  f i n d i n g  
because  it s u g g e s t s  t h a t  motion o n s e t  d i d  n o t  prompt a 
"qu icke r "  f i r s t  t r a n s i t i o n  t o  a new f i x a t i o n  p o i n t ,  as would 
be expec ted  i f  a c t i o n  of the VOR was u n i q u e l y  r e s p o n s i b l e  f o r  
f i x a t i o n  t i m e  changes w i t h  motion. 
- 
3 .  I n i t i a l  c o n t r o l  movement l a t e n c y ,  d e f i n e d  as the  
r e sponse  t i m e  from t r i a l  o n s e t  t o  i n i t i a l  movement o f  the 
c o n t r o l  column, i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  across 
the expe r imen ta l  c o n d i t i o n s .  L i k e w i s e ,  each o f  three methods 
of a s s e s s i n g  c o n t r o l  a c t i v i t y  showed no s i g n i f i c a n t  
d i f f e r e n c e s  across the exper imenta l  c o n d i t i o n s .  
- 
4.  Mathematical cu rve  f i t t i n g ,  p a r t i c u l a r l y  the use  of 
a t r ans fo rmed  Nornal d e n s i t y  f u n c t i o n ,  w a s  found t o  be 
applicable t o  both d e s c r i b i n g  f i x a t i o n  t i m e  d i s t r i b u t i o n s  and 
s i g n i f i c a n c e  t e s t i n g  b e t w e e n  such d i s t r i b u t i o n s .  Such a 
t e c h n i q u e  m a y  be employed i n  s i t u a t i o n s  i n  which the a n a l y s i s  
of d i s t r i b u t i o n  means would be i n a p p r o p r i a t e ,  and i s  
especial ly  u s e f u l  for  the e v a l u a t i o n  o f  d a t a  s e t s  w i t h  small 




Genera l  Discuss ion  
" F i x a t i o n  T i m e , "  d e f i n e d  as  the t i m e  the  eyes spend a t  a 
p a r t i c u l a r  place b e f o r e  moving on t o  a n o t h e r  f i x a t i o n  p o i n t ,  
w a s  found t o  be a n  o c u l o m e t r i c  measure s e n s i t i v e  t o  motion 
e f f e c t s  i n  each of the  three experiments  r e p o r t e d  here.  For 
t he  pu rposes  of the p r e s e n t  s tudy ,  a f i x a t i o n  w a s  d e f i n e d  
mathematically as a series of l o o k p o i n t s  hav ing  X and Y 
c o o r d i n a t e s  t h a t  d i d  n o t  exceed a selected boundary l i m i t  
( t y p i c a l l y  a r a d i u s )  from t h e  c e n t r o i d  of p r io r  X and Y 
c o o r d i n a t e s  ( D e t a i l s  w e r e  reported i n  the s e c t i o n  on 
"Measurement of eye movement'' 1. 
When employing f i x a t i o n  t i m e  as a dependent  measure, the 
d i s t r i b u t i o n  of f i x a t i o n  t i m e s  c an  be o b t a i n e d  and examined 
as e i ther  a f requency  or cumulat ive f r equency  p l o t .  T h e  
d i s t r i b u t i o n  of f i x a t i o n  times on ( a )  the F l i g h t  Director i n  
the s i m u l a t o r  motion v e r s u s  no-motion s t u d y  (Experiment 11, 
( b )  the  E l e c t r o n i c  A t t i t u d e  Display I n d i c a t o r  i n  the a i r c r a f t  
v e r s u s  s i m u l a t o r  s t u d y  (Experiment 2 1 ,  and ( c )  the Command 
B a r  task i n  the s i n g l e - a x i s  p a r t - t a s k  s t u d y  (Experiment 3 ) ,  
each show s i m i l a r i t i e s  between motion and no-not ion.  I n  each 
case, a n  i n c r e a s e  i n  f i x a t i o n  t i m e  (dec reased  f i x a t i o n  r a t e )  
w a s  n o t e d  f o r  the no-motion cond i t ion .  
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Explana tory  hypo theses  
Three g e n e r a l  hypo theses  o f f e r  p l a u s i b l e  e x p l a n a t i o n s  of 
t h e  r e s u l t s  o f  t h e  p r e s e n t  s e r i e s  of  exper iments :  
1. A t t e n t i o n a l  o r  a r o u s a l  f a c t o r s .  T h e  f i r s t  
hypo thes i s  would e x p l a i n  i n c r e a s e d  f i x a t i o n  r a t e  w i th  motion 
a s  t h e  product  of he igh ten ing  of g e n e r a l i z e d  a t t e n t i o n  o r  
- -- --___ _- 
a r o u s a l  i n  t h e  p re sence  of  motion. Motion may r e p r e s e n t  a 
s e r i e s  of  powerful  sensory  e v e n t s  adding t o  t h e  s u b j e c t s  
a t t e n t i o n a l  o r  a r o u s a l  l e v e l .  T h i s  h y p o t h e s i s  can  be 
d iscounted  by t h e  p r e s e n t  s e r i e s  of exper iments  f o r  s e v e r a l  
r easons .  I n i t i a l l y ,  a t t e n t i o n a l  o r  a r o u s a l  f a c t o r s  do n o t  
appear  t o  have been a f a c t o r  i n  Experiment 1, a s  
s i g n i f i c a n t l y  g r e a t e r  p i t c h  c o n t r o l  a c t i v i t y  was noted  when 
motion was - n o t  employed. Secondly,  i n  Experiment 3 ,  no 
s i g n i f i c a n t  d i f f e r e n c e s  were found i n  c o n t r o l  movement o r  i n  
t h e  e lapsed  t i m e  u n t i l  t h e  beg inn ing  of  a new f i x a t i o n ,  two 
measures t h a t  should  have been s e n s i t i v e  t o  s u b j e c t  
a t t e n t i o n a l  o r  a r o u s a l  l e v e l .  T h i r d l y ,  no d i f f e r e n c e s  w e r e  
no ted  i n  accu racy  of  approach (approach  e r r o r )  i n  Experiment 
1. Given  t h i s  ev idence ,  it i s  d i f f i c u l t  t o  s u p p o r t  t h e  f i r s t  
hypo thes i s .  
2 .  Motion conveys d i r e c t i o n  i n f o r m a t i o n .  -- The second 
hypothes is  would e x p l a i n  dec reased  f i x a t i o n  t i m e  f o r  motion 
cond i t ions  a s  t h e  r e s u l t  of i n fo rma t ion  conveyed th rough  t h e  
motion i t s e l f ,  perhaps  l ead ing  t o  a d e c r e a s e d  need f o r  v i s u a l  
- --- 
i n fo rma t ion .  Experiment 3 was des igned ,  i n  p a r t ,  t o  answer 
t h i s  ques t ion .  The r e s u l t s  of Experiinent 3 s u g g e s t  t h a t  
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s u b j e c t s  are  n o t  able t o  discern d i r e c t i o n a l  i n f o r m a t i o n  f r o m  
motion i n  the p i t c h  dimension, and are n o t  able  t o  report  
whether motion w a s  c o r r e c t  or r eve r sed  on a t r i a l .  L i k e w i s e ,  
w i t h  respect  t o  the correct  motion c o n d i t i o n ,  r e v e r s e d  motion 
d i d  n o t  s i g n i f i c a n t l y  change c o n t r o l  a c t i v i t y  measures or 
f i x a t i o n  t i m e  d i s t r i b u t i o n s .  
3 .  Motion s e r v i n g  an  a l e r t i n g  f u n c t i o n .  The t h i r d  
h y p o t h e s i s  would e x p l a i n  inc reased  f i x a t i o n  r a t e  w i t h  motion 
as the r e s u l t  o f  motion p rov id ing  a ' 'cue" o r  " c l u e "  t h a t  
"something happened" l e a d i n g  t o  v i s u a l  search t o  de termine  
w h a t  it w a s .  T h i s  hypothesis o f f e r s  the  best  e x p l a n a t i o n  of 
the  three.  
-~ - 
Longer f i x a t i o n s ,  such as found i n  t he  no-motion 
c o n d i t i o n ,  may be a t t r i b u t a b l e  t o  s u p p l a n t i n g  the a l e r t i n g  
f u n c t i o n  o f  motion informat ion .  I t  has been argued (Russo,  
1978,  p.  108) t h a t  eye  movements have a "cost"  i n  t e r m s  o f  
temporal gaps  i n  t h e  incoming v i s u a l  i n fo rma t ion .  T o  reduce 
such gaps  saccades may be suppressed l e a d i n g  t o  longe r  
f i x a t i o n  t i m e s .  That t h i s  process  i s  accomplished,  perhaps 
p r o v i d i n g  m o r e  o f  a cont inuous  v i s u a l  image, i s  suppor t ed  by 
eye-scan data  recorded a t  the p o i n t  of l and ing  f l a r e ,  w h e r e  a 
s i n g l e  f i x a t i o n  of f r o m  t i v e  t o  seven  seconds  i s  o f t e n  
obse rved .  This s i t u a t i o n  i s  obv ious ly  one i n  w h i c h  a 
c o n t i n u o u s  v i s u a l  p i c t u r e  w i t h  c o n s t a n t  upda t ing  i s  
n e c e s s a r y .  
I n  a no-motion c o n d i t i o n ,  a l l  i n d i c a t o r s  of d e v i a t i o n  
from f l i g h t  path and v e r i f i c a t i o n  of c o r r e c t i v e  a c t i o n s  are 
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v i s u a l l y  p r e s e n t e d .  A gap i n  v i s u a l  i n fo rma t ion  r e p r e s e n t s  a 
t o t a l  l o s s  of a v a i l a b l e  in fo rma t ion .  O n  t h e  c o n t r a r y ,  when 
motion i s  p r e s e n t ,  a d d i t i o n a l  i n fo rma t ion  i s  a v a i l a b l e ,  a s  
motion may a c t  t o  warn of  a change,  o r  t o  conf i rm a c o n t r o l  
i n p u t ,  even i f  d i r e c t i o n a l  i n fo rma t ion  i s  n o t  conveyed. 
Imp 1 i c a t  i on s 
- 1. Given t h e  goa l  of  p rov id ing  a s i m u l a t i o n  environment 
t h a t  matches t h e  a c t u a l  f l i g h t  environment a s  c l o s e l y  a s  
p o s s i b l e ,  it becomes appa ren t  t h a t  motion e f f e c t s  canno t  be 
ignored .  The p r e s e n t  s tudy  sugges t s  t h a t  t h e r e  a r e  d i f f e r i n g  
v i s u a l  demands p l aced  on t h e  p i l o t  between motion and 
no-motion c o n d i t i o n s ,  a s  r e f l e c t e d  by d i f f e r e n c e s  i n  f i x a t i o n  
r a t e  between t h e s e  c o n d i t i o n s .  The most cornpe 1 l i n g  
hypothes is  i s  t h a t  motion s e r v e s  an a l e r t i n g  f u n c t i o n .  Given 
t h i s  func t ion ,  s i m u l a t i o n  wi thou t  motion cues may r e p r e s e n t  
an unders ta tement  of t h e  t r u e  c a p a c i t y  of  t h e  p i l o t ,  a l t hough  
d i f f e r e n c e s  i n  performance of  t h e  man-a i r c ra f t  system may 
Since  none only be  found when t h e  p i l o t  i s  h e a v i l y  loaded .  
of the  p r e s e n t  exper iments  loaded the  p i l o t ,  q u e s t i o n s  o f  
performance under loaded c o n d i t i o n s  remain t o  be  answered. 
Research conducted i n  t h i s  a r e a  would p rov ide  an answer t o  
t h e  ques t ion  of  whether d i f f e r e n c e s  i n  eye movement a r e  
d i r e c t l y  r e l a t e d  t o  performance o f  t h e  p i l o t i n g  t a s k .  
The q u e s t i o n  of how much motion i s  needed a l s o  remains ,  
a s  each of  t h e  motion c o n d i t i o n s  i n  t h e  p r e s e n t  s t u d y  
inc luded  an approximat ion  of  a c t u a l  motion and n o t  l e v e l s  o r  
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d e g r e e s  of motion. I t  shou ld  be noted t ha t  motion o n s e t  can  
a lso be produced i n  s t a t i o n a r y  s i m u l a t o r s  t h rough  "G" s u i t s  
or other p r e s s u r i z e d  c u f f s  o r  seats .  I f  the a l e r t i n g  
f u n c t i o n  of motion i s  a d e q u a t e l y  provided  by these d e v i c e s ,  
t h e n  f i x a t i o n  t i m e  d i s t r i b u t i o n s  s i m i l a r  t o  those observed  
w i t h  motion base s i m u l a t i o n  would be expec ted .  Research on 
a l t e r n a t i v e  motion t e c h n i q u e s  t ha t  i n c o r p o r a t e  eye-movement 
measures would p r o v i d e  a t e s t  o f  the  f i d e l i t y  of these motion 
d e v i c e s .  
2 .  T h e  ineasure o f  " d w e l l  t i m e "  has been  found t o  be - 
q u i t e  v a r i a b l e  f r o m  s u b j e c t  t o  s u b j e c t  and even  w i t h i n  the 
same s u b j e c t .  T h e  u n i f o r m i t y  of f i x a t i o n  t i m e  w a s  shown by 
s imi la r i t i es  i n  f i x a t i o n  t i m e  d i s t r i b u t i o n s  across the three 
e x p e r i m e n t s  and between the p i l o t  and non-p i lo t  g roups  i n  the 
t h i r d  experiment .  T h e  u n i f o r m i t y  of f i x a t i o n  t i m e  s u g g e s t s  
t h a t  f i x a t i o n s  are w e l l  developed f r o m  other c o n t e x t s ,  and 
the  f l y i n g  t a s k  does l i t t l e  t o  a l t e r  t h e m .  How the f i x a t i o n s  
are combined i n t o  d w e l l s  seems t o  be where the v a r i a b i l i t y  
e n t e r s .  
- 3. Mathematical c u r v e - f i t t i n g  and the a n a l y s i s  of the 
shape of t h e  f i x a t i o n  t i m e  d i s t r i b u t i o n  has advantages  i n  
d e s c r i b i n g  and t e s t i n g  such d i s t r i b u t i o n s ,  and i s  recommended 
as a technique  t o  u s e  i n  f u t u r e  s t u d i e s  i n  the  area. T h e  
i 
primary advantage i s  tha t  tes ts  between d i s t r i b u t i o n s  can  be 
performed on  data from a s i n g l e  s u b j e c t .  
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F i x a t i o n  R a t e  (All Tracked I n s t r u m e n t s ) :  
Table  of Means and S tanda rd  D e v i a t i o n s  
( M i l l i s e c o n d s )  
All P i l o t s  










Mean S t .  Dev. 
NO MOTION 
Mean S t .  Dev. 
315 ( 9 2 . 3 )  
266 ( 3 6 . 7 )  
361 (58 .5 )  
249 ( 3 0 . 0 )  
277 ( 3 9 . 2 )  
419 (121 .7 )  
300 ( 5 6 . 7 )  
324 (101 .3 )  
308 ( 7 4 . 5 )  
329 (126.0) 
393 (144 .6 )  
346 ( 7 1 . 8 )  
455 ( 9 4 . 6 )  
271 ( 3 3 . 8 )  
307 ( 6 4 . 5 )  
585 ( 1 4 6 . 3 )  
375 (96 .4 )  
404 ( 1 8 0 . 8 )  
386 ( 1 4 2 . 0 )  
407 ( 1 5 5 . 2 )  
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Table 2 
F i x a t i o n  R a t e  (All Tracked I n s t r u m e n t s ) :  
Table of Means and S t a n d a r d  D e v i a t i o n s  
( F i x a t i o n s / S e c o n d )  
MOTION 
Mean S t .  Dev. 
NO MOTION 
Mean S t .  Dev. 
All P i l o t s  2.678 (.463) 
P i l o t  1 2.997 (.285) 
2 2.306 (.313) 
3 2.997 (.249) 
4 2.539 (.239) 
5 2.249 (.488) 
Segment 1 2.611 (.296) 
2 2.655 (.536) 
3 2.709 (.404) 












Saccade Length ( A l l  Tracked Ins t ruments ) :  
Table  of Means and Standard  Deviations 
( Inches :  X 2.54 = CM) 
MOTION 
Mean St. Dev. 
NO MOTION 
Mean S t .  Dev. 
A l l  P i l o t s  1.920 (.474) 
P i l o t  1 1.847 (.223) 
2 1.973 (.488) 
3 2.182 (.247) 
4 2.086 (.584) 







Segment 1 2.331 (.459) 2.466 (.291) 
2 1.805 (.373) 1.776 (.394) 
3 1.832 (.303) 1.816 (.303) 
4 1.713 (.496) 1.683 (.434) 
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T a b l e  4 
Glides lope  E r r o r  
T a b l e  of Means and Standard D e v i a t i o n s  
(RMS E r r o r :  D e g r e e s )  
MOTION 
Mean S t .  D e v .  
NO MOTION 
Mean S t .  D e v .  
All P i l o t s  .92 (.80) 
P i l o t  1 1.14 (-79) 
2 .88 ( - 8 2 )  
3 .92 (.79) 
4 .81 ( - 8 4 )  
5 .84 ( . 8 4 )  
S e g m e n t  1 2.21 (-03) 
2 . 3 5  (.lo) 
3 . 3 4  (.21) 






.86 ( - 8 4 )  
2.19 (.OS) 
.34 (.lo) 
. 37  (.17) 
.98 ( . 3 4 )  
6 3  
Table 5 
Localizer Error :  
Table of Means and Standard  Devia t ions  
(RMS Error :  Degrees) 
A l l  P i l o t s  










Mean S t .  Dev. 
NO MOTION 
Mean S t .  Dev. 
.111 (.066) 





















Elevator Control Inputs 
Table of Means and Standard Deviations 
MOTION 
Mean S t .  Dev. 
NO MOTION 
Mean S t .  Dev. 
All P i l o t s  1954 (1544) 
Pilot 1 2327 (1053) 
2 1506 (1704) 
3 3565 (1710) 
4 1415 (827) 




















Table  7 
Wheel C o n t r o l  Inputs 
Table of Means and Standard D e v i a t i o n s  
All P i l o t s  










Mean St. Dev. 
NO MOTION 
Mean S t .  Dev. 
34746 (22982)  
37890 (19614)  
28755 (23794)  
33592 (16213)  
34883 (23143)  
38609 (31083)  
21048 (9227)  
27370 (19339)  
38240 (21965)  
52325 (25720)  
28994 (23138)  
31099 (21606)  
25621 (14899)  
14463 ( 10461) 
43880 (27855)  
29907 (27681)  
18192 (9904)  
25037 (26390)  
32219 (18197)  
40528 (28463)  
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Table 8 
Throttle Control Inputs 
Table of Means and Standard Deviations 
All  P i l o t s  










Mean S t .  Dev. 
NO MOTION 
Mean S t .  Dev. 





















F i x a t i o n  T i m e  ( F l i g h t  Director): 
Table  of Means and S tanda rd  Dev ia t ions  
( M i l l i s e c o n d s  ) 
~~ ~ 
MOT I ON NO MOTION 
Mean S t .  Dev. Mean S t .  Dev. 
A l l  Pi lo ts  345 (116.5) 445 (184.2) 
P i l o t  1 264 (31.2) 339 (33.2) 
2 424 (77.8) 571 (124.7) 
3 262 (34.1) 285 (46.6) 
4 299 (45.1) 335 (68.2) 
5 475 (142.9) 694 (142.2) 
Segment 2 350 (119.0) 446 (202.7) 
3 330 (92.3) 441 (186.0) 
4 354 (138.3) 447 (172.2) 
68 
T a b l e  10 
F i x a t i o n  Time ( A i r s p e e d )  : 
T a b l e  of Means and Standard D e v i a t i o n s  
( M i l l i s e c o n d s )  
MOTION 
Mean St. Dev. 
NO MOTION 
Mean S t .  Dev. 
A l l  P i l o t s  236 (81.3) 257 (90.6) 


























F i x a t i o n  T i m e  (VSI)  : 
Means and S t a n d a r d  Deviat ions 
( M i l l i s e c o n d s )  
A1 1 
PrlOTION NO MOTION 
Mean St. Dev. Mean St. Dev. 
P i l o t s  171 (115.9) 139 (122.7) 





















Table 1 2  
F i x a t i o n  T i m e  (Baromet r i c  A l t i m e t e r ) :  
Table of Means and S tanda rd  D e v i a t i o n s  
( M i l l i s e c o n d s )  
All P i l o t s  









Mean St. Dev. 
NO MOTION 
Mean S t .  Dev. 
182 (100 .7 )  
220 (95 .8 )  
136 (95 .4)  
190 (33 .7)  
210 (123.2)  
157 (119 .9)  
170 (93 .2 )  
213 (104 .3)  
164 (102 .0)  
158  (109 .2 )  
217 ( 7 9 . 5 )  
118 ( 9 9 . 5 )  
198  ( 2 7 . 3 )  
145 (110 .1 )  
109 ( 1 5 7 . 9 )  
138 ( 9 7 . 2 )  
173 ( 1 2 3 . 4 )  
161 (108 .2 )  
Table 13 
Fixation T i m e  (HSI): 
Table of Means and Standard Deviations 
( Milliseconds) 
All P i l o t s  








MOT I ON 
Mean S t .  Dev. 
NO MOTION 





















T a b l e  14 
P e r c e n t a g e  of O c u l o m e t e r  T r a c k  T i m e  : 
T a b l e  of Means and Standard D e v i a t i o n s  
All P i l o t s  










Mean S t .  Dev. 
NO MOTION 






















Table 15  
R a t i o  of T r a n s i t i o n  T i m e s  
For Two Se lec ted  Radii 
Table of Means and Standard Deviat ions 
A l l  P i l o t s  








MOT I ON 
Mean St. Dev. 
NO MOTION 


















Fixation Rate (All Tracked Instruments) 
Based on Enlarged Algorithm Radius (1.91 c m ) :  
Table of Means and Standard Deviations 
(Fixations/Second) 
MOTION 
Mean S t .  Dev. 
NO MOTION 
Mean S t .  Dev. 
A l l  Pilots 2.020 (.547) 
P i l o t  1 2.317 (.282) 
2 1.722 (.284) 
3 2.515 (.409) 
4 2.162 (.317) 
5 1.384 (.SO41 
Segment 2 2.034 (.603) 
3 2.102 (.488) 












F i x a t i o n  T i m e  ( A l l  Tracked Ins t rumen t s ) :  
Table of Means and Standard Deviat ions 
( M i l  1 iseconds  ) 
A l l  P i l o t s  








Mean S t .  Dev. 
SIMULATOR 
Mean S t .  Dev. 
319 (109.0) 
238 ( 36.4) 
436 (103.3) 
284 ( 45.8) 
333 (122.6) 
303 ( 91.2) 
307 ( 82.6) 
334 (130.9) 
450 (120.3) 
347 ( 40.9) 
544 (127.3) 
458 ( 78.0) 
412 ( 94.1) 
467 (129.6) 
457 (147.4) 
463 ( 96.4) 
76 
Table 18 
Fixation F.ate (All  Tracked Instruments) : 
Table of Means and Standard Deviations 
( Fixations/Second) 
FLIGHT 
Mean S t .  Dev. Mean S t .  Dev. 
All P i l o t s  3.015 

























Fixation T i m e  ( EADI - Segments 3 and 4) 
Table of Means and Standard Deviations 
(Mil l iseconds)  
All Pi lo t s  






Mean S t .  Dev. 
SIMULATOR 
Mean St. Dev. 
309 (113.0) 
235 ( 35.7) 
406 (133.8) 
285 ( 61.6) 




334 ( 60.4) 
448 (140.9) 
402 (116.4) 
324 ( 57.3) 
465 (124.8) 
7 0  
~ 
T a b l e  20 
P e r c e n t a g e  of T r a c k  T i m e  on EADI 
T a b l e  of Means and Standard Deviations 
All P i l o t s  
FLIGHT SIMULATOR 
Mean S t .  Dev. Mean S t .  Dev. 
55.9 (25.6) 51.3 (25.0) 
P i l o t  1 52.7 (26.8) 60.2 (20.9) 
2 55.5 (27.7) 38.9 (24.6) 
3 59.6 (21.8) 54.7 (24.5) 
Segment 1 36.7 (19.9) 47.6 (13.6) 
2 38.4 (13.7) 28.1 (13.3) 
3 62.4 (14.8) 46.1 (18.4) 
4 85.9 (14.3) 33.3 (14.2) 
79 
Table 21 
Percentage of Track T i m e  on EHSI 
Table of Means and Standard Deviations 
All P i l o t s  








Mean S t .  Dev. 
S I  MULATO R 




















Mean F i x a t i o n  T i m e  
Table of Means 
( M i l l i s e c o n d s )  
CORRECT REVERSE 
MOTION NO-MOT I ON MOTION 
All Sub jec t s  
All P i l o t s  







All Yon-Pilots  
Non-Pilot  1 
2 
3 
702 989 715 
750 1084 801 
766 1098 844 
1061 1086 1290 
1338 1493 1152 
521 1148 711 
360 752 412 
572 999 503 
630 1012 695 
590 76? 512 
658 825 704 
565 811 392 
546 666 441 
a i  
Table 23 
New F i x a t i o n  Latency 
Table of Means 
(Mil l iseconds)  
~~ ~ 
CORRECT REVERSE 
MOTION NO-MOT I ON MOT I ON 
All S u b j e c t s  
A l l  P i l o t s  








N o  n- P il o t 1 
2 
3 







































I n i t i a l  C o n t r o l  Movement Latency 
Table of Means 
( M i l l i s e c o n d s )  
All Subjects 
A l l  P i l o t s  







A l l  N o n - P i l o t s  














































Mathematical Curve F i t t i n g :  
R e s u l t s  of the Kolmogorov-Smirnov S t a t i s t i c  
and N o r m a l  Funct ion  Parameters 
7 PILOTS 
Correct Reverse 
Motion No-Motion Motion 








B e s t - F i t  Curve 
Diagonal e n t r i e s  are tes t s  between d a t a  and best- 
f i t  cu rve .  
C r i t i c a l  Values f o r  D ( n ) :  
(n=58 ) + p < . l o ,  D(n )  = . I 60  * p < .OS, D(n) = .179 ** p < .01, D(n) = ,214 
Correct Reverse 
Motion NO- MO t i o  n Motion 
Parameters : 
Mean 3.91 5.02 4.89 
Variance 15.93 2 1 . 0 2  13.59 
Parameter u n i t s :  Sampling Rate / 2 (66.667 m S e C )  
(These are t r ans fo rmed  v a l u e s .  ) 
a4 
Table 26 
Mathematical Curve F i t t i n g :  
R e s u l t s  of the Kolmogorov-Smirnov S t a t i s t i c  
and N o r m a l  Funct ion  Parameters 
3 NOM-PILOTS 
Correct Reverse 
Motion No-Motion Motion 
D(n)  Values: 
Correct 
Motion- 
No-Mot  ion 
Reverse 
Motion 
187 * .043 I 
Data 
Bes t -F i t  Curve 
Diagonal e n t r i e s  are tests between data and best- 
f i t  curve .  
C r i t i c a l  Values f o r  D(n ) :  
(n=58) + p < .lo, D(n) = -160 
* p < .OS, D(n) = .179 
** p < .Ol, D(n) = .214 
Correct Reverse 
Motion No-Motion Motion 
Parameters  : 
Mean 4.56 4.38 4.34 
Variance 1.1.52 19.86 11.13 
Parameter  u n i t s :  Sampling R a t e  / 2 (66.567 mseo) 




F I G U R E S  
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1 2 3 4  
Fiqure 3a. Experimental Design 
NO MOTION 
Segment 






MOTION NO MOTION 
* Max Turbulence Max Turbulence 
Max Turbulence Max Turbulence 
Max Turbulence Max Turbulence 
No Turbulence No Turbulence 
No Turbulence No Turbulence 
* The pilots report the simulator 
"Max Turbulence" corresponds to 
what they nornrally call Moderate 
Turbulence. 
Figure 3b. Turbulence Levels 
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Analysis of Variance Summary Tables 
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Table A-1 
F i x a t i o n  T i m e  ( A l l  Tracked I n s t r u m e n t s ) :  
ANOVA Summary Table 
Source of 
V a r i a t i o n  
P i l o t  ( S 






































1 2  
3 
9 
1 2  




Mean Square F Ratio 
318961.9 

















* p < .05 
100 
Table A-2 
F i x a t i o n  R a t e  (All Tracked I n s t r u m e n t s ) :  
ANOVA Summary Table 
Source of 
V a r i a t i o n  Sum of Squares  
P i l o t  ( S )  
Motion (M) 
Segment ( G )  
R e p l i c  ( R )  
SM 
S G  
MG 





























1 2  
3 
1 2  
3 
9 
1 2  




























1 0 1  
Table A-3 
Saccade Length (All Tracked Instruments) : 
ANOVA Summary Table 
Source of 
Variation Sum of Squares Mean Square F Ratio df 
P i l o t  (SI 6 . 8 5 4 1 1  4 1 . 7 1 3 5 3  
Motion ( M I  . 0 0 9 4 5  1 . 0 0 9 4 5  .081 
1 2 . 1 5 9 9 2  3 4 . 0 5 3 3 0  1 3 . 5 4 2  ** Segment ( G )  
Replic (R) . 0 4 8 3 8  3 . O l e 1 3  . 1 5 2  
SM . 4 6 6 2 5  4 .11656 
S G  
MG 







3 . 5 9 1 8 2  12 . 2 9 9 3 2  
. 1 9 2 0 2  3 .06401 . 4 5 5  
1 . 2 7 1 7 7  1 2  . l o 5 9 8  
. 5 2 7 9 6  3 . 1 7  598 1 . 5 0 7  
. 3 1 1 5 5  9 . 0 3 4 6 2  . 2 8 3  
1 . 6 8 7 3 4  1 2  .1406l  
1 . 4 0 1 2 5  1 2  . 1 1 6 7 7  
4 . 4 0 0 4 3  36 . 1 2 2 2 3  
. l a 4 2 0  9 . 0 2 0 4 7  . 3 3 6  
SMGR 2 . 1 9 2 7 8  36 . 0 6 0 9 1  
** p < .01 
102 
Table  A-4 
Gl ides lope  Error: 
ANOVA Summary Table 
Source of 
V a r i a t i o n  Sum of Squares  df Mean Square F R a t i o  
P i l o t  ( S) 1.617630 4 .404408 
Motion (M) -101304 1 . lo1304 1.243 
Segment ( G )  
R e p l i c  ( R )  .070305 3 .022343 1.108 
SM .326091 4 .081523 
SG 1.424521 1 2  .119710 
91.5271 30 3 30.509040 257.005 ** 
MG e338335 3 .112778 2.667 
SR .253731 1 2  .021144 
MR . lo5668 3 .035223 .832 
GR .404266 9 .044918 1.909 
SMG .507525 1 2  .042294 
SMR ,508307 1 2  .042359 
SGR .847042 36 .023529 
MGR .17@716 9 .018968 .782  
SMGR .873391 36 .024261 
** p < .01 
103 
Table A-5 
L o c a l i z e r  Er ror :  
ANOVA Summary Table 
Source of  
V a r i a t i o n  Sum of Squares  
Pilot (S) . lo87453 
Motion (?I) -9950059E-03 
Segment ( G )  









S G R  
MGR 
SMGR 



















1 2  
3 
1 2  
3 
9 
1 2  
























Elevator C o n t r o l  Inputs 
ANOVA Summary Table 
P i l o t  (S 1 
Motion (M) 
Segment ( G )  
Replic (R) 
SM 
S G  
MG 































1 2  
3 
9 
1 2  




























* p < .os **  p < .01 
10s 
Table A-7 
Wheel Cont ro l  I n p u t s  
ANOVA Summary Table 
source of 
V a r i a t i o n  Sum of Squares  
P i l o t  (S) .4877959E+10 
Motion (M) .1323395E+10 
Segment ( G )  .1621391E+11 
R e p l i c  (R) 
SM 
S G  
MG 































1 2  




Mean Square  F Ratio 
.1219490E+10 
.13233953+10 1.602 
.5404636B+10 5.011 * 
.12503023+10 4.000 * 
.8262984E+09 
.1078502E+10 








. 4  53 120 3 E+09 
106 
Source of 
V a r i a t i o n  
P i l o t  ( S )  
Motion (PI)  
Segment ( G )  
R e p l i c  (R) 
S M  
S G  
MG 








T a b l e  A-8 
Throttle C o n t r o l  I npu t s  
ANOVA Summary Table 


























































F i x a t i o n  T i m e  ( F l i g h t  Di rec tor ) :  
ANOVA Summary Table 
Source of 
Var i a  t i o n  sum of Squares d f  Mean Square F Ratio 
















































SGR 105692.6 24 4403.9 
MGR 37439 e 0  6 6240 .O 2.034 
SMGR 73630 e 7  24 3067.9 




Fixation Time (Airspeed) : 
ANOVA Smrnary Table 
Source of 
Variation 
P i l o t  ( S) 
Motion (M) 
Segment (G) 
Replic ( R )  
SM 
S G  
MG 






























































Table A - 1 1  
F i x a t i o n  T i m e  (VSI) : 
ANOVA Summary Table 
source of 
Va r i a t  ion Sum of Squares  
P i l o t  (S) 
Motion ( M I  






































































Table A-12  
F i x a t i o n  T i m e  (Barometric A l t i m e t e r ) :  
ANOVA Summary T a b l e  
Source of 
V a r i a t i o n  Sum of Squares  df Mean Square F R a t i o  
P i l o t  (S) 
Motion (M) 
Segment (G) 
Repl i c  (R) 
SM 





































67101.2 6 11183.5 1.140 
122102.4 8 15262 .S 
124551.7 1 2  10379.3 
235447.1 2 4  9810.3 
16164.7 6 2594 1 .286 
226012.6 24 9417.2 
111 
Table A-13 
Fixation T h e  (IISI): 
ANOVA Summary Table 
source of 
variat ion Sum of Squares d f  Mean Square 
Pilot ( S )  
Motion (XI) 
Segment ( G 1 
Replic ( R )  
SM 
S G  
MG 































































Percentage of O c u l o m e t e r  Track T i m e :  
ANOVA S u m m a r y  Table 
Source of 
V a r i a t i o n  Sum of Squares  d f  Mean Square F R a t i o  
P i l o t  ( S) 1422.591 4 355.648 
Motion (M) 66.645 1 66.645 .366 
S e g m e n t  ( G )  317.010 3 105.670 2.073 
Replic ( R )  381.835 3 127.278 1.973 
SM 725.635 4 182.159 
SG 611.788 12 50.982 
MG 27.534 3 9.178 .376 
SR 773.942 12 64.495 
MR 619.795 3 206.598 3.905 * 
GR 425.941 9 47.327 1.465 
SMG 293.222 12 24.435 
SMR 634.813 12 52.901 
SGR 1162.930 36 32.304 
MGF. 255.049 9 28.339 .792 
SMGR 1288.782 36 35.799 
* p < .05 
113 
Table A-15 
R a t i o  of T r a n s i t i o n  T i m e s  
For Two Selected R a d i i  
ANOVA Summary Table 
source of 
V a r i a t i o n  Sum of Squares  
P i l o t  (SI 1.073441 
Motion ( M )  .001235 
Segment ( G) 
R e p l i c  (R) 
SM 
S G  
MG 


























































Fixat ion Rate ( A l l  Tracked Instruments) 
Based on Enlarged Algorithin Radius ( 1 . 9 1  cm): 
ANOVA Summary Table 
Source of 
Variation 
p i l o t  ( S )  
Motion ( M )  
Segment ( G) 








































































Experiment 1 : 
Skew of f i x a t i o n  t i m e  d i s t r i b u t i o n s  
117 
Skew of f i x a t i o n  t i m e  d i s t r i b u t i o n s  
Instrument  Motion No-mo t i o n  
Airspeed 0.147 0.847 
F l i g h t  Director 1.468 0.949 
Barometr ic  A1 t i m e t e r  -0.347 -0.109 
H S I  0.960 0.733 
VSI -0.178 -0 006 
118 
APPENDIX C 
Experiment 2 : 
Analysis of Variance Summary Tables 
119 
Table C-1 
F i x a t i o n  T i m e  ( A l l  Tracked Ins t rumen t s )  : 
ANOVA Summary Table 
Source of  
V a r i a t i o n  
P i l o t  ( P) 
Motion ( M )  
R e p l i c  ( R )  
Segment (S) 
PM 
P R  
MR 
P S  
MS 
R S  
PMR 
PMS 
P R S  
MRS 
PMRS 
























































* p < .05 
120 
Table C-2 
F i x a t i o n  Rate (All Tracked Instruments) : 
ANOVA Summary Table 
Source of 
V a r i a t i o n  Sum of Squares df Mean Square F Eiatio 
P i l o t  ( P )  
Motion ( M )  
Replic ( R )  





M S  




























89.52854 19.515 * 
4270-6 2.435 * 









PRS 9.98761 114 .08761 
MRS 7.09573 57 
PMRS 11.65470 114 .lo223 
12449 1.218 
* p .os 
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Table C-3 
F i x a t i o n  T i m e  ( EADI Segments 3 and 4 ) 
ANOVA Summary Table 
Source  of 
V a r i a t i o n  Sum of Squares  d f  Mean Square F R a t i o  
P i l o t  (P) 
Motion ( M )  
Repl ic  (R) 
































































1 2 2  
T a b l e  C-4 
P e r c e n t a g e  of T r a c k  T ime  on EADI 
ANOVA Summary T a b l e  
Source of 
V a r i a t i o n  
P i l o t  ( P )  
Motion (M) 
lieplic ( R )  









P R S  
MRS 
PMRS 















































* p < .OS 
** p < .01 
123 
Table C-5 
Pe rcen tage  of Track T i m e  on EHSI 
ANOVA Summary Table 
_ _ _ ~  
Source  of 
V a r i a t i o n  
P i l o t  ( P I  
Motion (M) 
Replic (R) 































































* p <. .05 ** p < .Ol 
APPENDIX D 
Experiment 3 : 
Analysis of Variance Summary Tables 
125 
T a b l e  D-1 
Mean F i x a t i o n  T i m e  ( 7  P i l o t s )  
ANOVA Summary T a b l e  
Source of 
Varia t ion  Sum of S q u a r e s  d f  Mean S q u a r e  F Ratio 
P i l o t  ( P )  2 0 8 2 2 8 4 0 .  6 3 4 7 0 4 7 3 .  
Motion (MI 6 8 0 3 7 5 8 .  2 3 4 0 1 8 7 9  12 .294  ** 
Replic ( R )  5 4 8 7 2 9 1 .  14 3 9 1 9 4 9  1 . 3 8 7  
PM 3 3 2 0 4 9 0 .  12  2 7 6 7 0 7 .  
PR 2 3 7 4 1 2 1 0 .  84 2 8 2 6 3 3 .  
MR 6 3 1 2 2 5 8 .  2 8  2 2 5 4 3 8 .  
PMR 3 4 1 7 4 1 4 0 .  168 2 0 3 4 1 7 .  
1 .108  
** p < . 01  
1 2 6  
Table D-2 
Mean Fixation T i m e  (3 Non-Pilots) 
ANOVA Summary Table 
Source of 
Variation Sum of Squares df Mean Square F Ratio 
P i l o t  ( P )  790398.5 2 395199.2 
Motion (N) 1536934.0 2 768467 .O 7.791 * 
Replic (R) 1451148.0 14 103653.4 2.023 
PM 394544.6 4 98636.1 
PR 1434457 .O 28 51230.6 
MR 1368251.0 28 48866.1 .962 
PMR 2845317.0 56 50809.2 
* p < .os 
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T a b l e  D-3 
New F i x a t i o n  L a t e n c y  
ANOVA Summary  T a b l e  
Source of 
V a r i a t i o n  Sum of Squares d f  Mean Square F Ratio 
P i l o t  ( P I  13835320. 6 2305887. 
Motion (M) 1709822. 2 854911. 2.332 
Repl ic  ( R )  5371322. 14 383665. .838 
PM 4398613. 12 366551. 
PR 38476840. 04 45ao58. 
MR 10225950. 28 365212. .746 
PMR 92237620. 168 489510. 
128 
Table D-4 
I n i t i a l  Control Movement Latency 
ANOVA Summary Table 
Source of 
Var i a t ion  sum of Squares df 
P i l o t  ( P )  22991880. 6 
Motion (M) 309922. 2 
Replic (R) 1990845. 14 
PM 913287. 12 
PR 8326197. 84 
MR 1703831. 28 
PER 16150790. 168 










Control  A c t i v i t y  " P l a t e a u s "  
APJOVA S u m m a r y  Table 
Source of 
V a r i a t i o n  Sum of Squares  d f  Mean Square  F R a t i o  
P i l o t  ( P) 6785.949 6 11 30.992 
Motion (M) 281.187 2 140.594 1.273 
Replic (R) 825.511 14 58.965 1.815 
PM 1325.479 12 110.457 
P R  2729.289 84 32.492 
MR 948.717 28 33.383 1.655 
PMR 3439.282 168 20.472 
130 
Table D-6 
Control A c t i v i t y  T i m e  Measure 
ANOVA Summary Table 
S o u r c e  of 
Variation Sum of S q u a r e s  d f  
P i l o t  (P) 1 9 9 9 4 3 . 0  6 
Motion (M) 5 9 1 3 . 2  2 
Replic (I?) 1 5 4 1 2 . 3  14 
PM 2 0 5 7 7 . 9  1 2  
PR 1 5 5 9 0 5 . 1  0 4  
MR 6 3 9 6 6 . 8  28  
PMR 2 4 5 6 8 6 . 7  1 6 8  
Mean S q u a r e  F Ratio 
3 3 3 2 3 . 9 7  
4 4 5 6 . 6 2  1 . 8 7 1  
1 1 0 0 . 8 8  . 5 0 2  
2 3 8 1 . 4 9  
1 8 9 1 . 7 3  
2 2 0 4 . 5 3  1 . 5 6 2  
1 4 6 2 . 4 2  
131  
Table D-7 
Contro l  A c t i v i t y  Rate Measure 
ANOVA S u m m a r y  Table 
Source of 
V a r i a t i o n  Sum of Squares  df Mean Square F R a t i o  
P i l o t  (P) 3304427. 6 
Motion (M) 197901. 2 
Replic  ( R )  555149. 14 
PM 636347. 12 
P R  1282190. a4 
MR 363373. 2a 
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